
RD-R150 333 EDS (ELECTRICAL OVERSTRESS) PROTECTION FOR VLSI (VERY 1/3
LARGE SCALE INTEGRA..(U) MARTIN MARIETTA AEROSPACE
DENVER CO D D WILSON ET AL. SEP 84 MCR-84-56

UNCLASSIFIED RRC-TR-84-183 F3862-82-C-Cl F/G 9/ NL

Emhhmmmhhhhhhl
.EmhhhEEmhIm
Eomhmhhhhml
-EEOEIhhE
I/I///I//II//
ml..il/I



L-2 1112.2

11111125 j 4 6

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF STANDARDS- 1963-A



(V)

0 RADC-TR-84-183
LI Final Technical Report

September 1984

i

EOS PROTECTION FOR VLSI DEVICES

Martin Marietta Denver Aerospace

* 0

David D. Wilson, William E. Echols and Mark G. Rossi

APPROVED FOR PUBLIC RELEASE, DISTRIBUTION UNLIMITED 0

ELECT,

ROME AIR DEVELOPMENT CENTER ... ,
Air Force Systems Command

Griffiss Air Force Base, NY 13441

- --- A ,---,..t..- . . . . . . . . .



This report has been reviewed by the RADC Public Affairs Office (PA) and
is releasable to the National Technical Information Service (NTIS). At NTIS
it will be releasable to the general public, including foreign nations.

d RADC-TR-84-183 has been reviewed and is approved for publication. S

APPROVED:

DANIEL J. BURNS
Project Engineer

APPROVED: 0

W. S. TUTHILL, Colonel, USAF
Chief, Reliability & Compatibility Division

FOR THE CONMADER:<om GietI

JOHN A. RITZ 0
Acting Chief, Plans Office

If your address has changed or if you wish to be removed from the RADC
mailing list, or if the addressee is no longer employed by your organization,
please notify RADC (RBRP) Griffiss AFB NY 13441-5700. This will assist us in
maintaining a current mailing list. S

Do not return copies of this report unless contractual obligations or notices .

on a specific document requires that it be returned.



* - -- _ W r .-

UNCTA 4T"rTFn.
SECURITY CLASSIFICATION OF THIS PAGE

REPORT DOCUMENTATION PAGE

la R-EPOaR SEC:URITI' CLASSIFICATION lb RESTRICTIVE MARK(INGS

UNCLASSIFIED N/A%
2& SECURIy CLASSIFICATION AUTHORITY 3. OISTRIBUTIONiAVAILABILITY OF REPORT

N/A Approved for public release; distribution

l O C LASSIFICATIN/OWOWNGRAOING SCHEDULE unlimited.
N/A

A PERFORMING ORGANIZATION REPORT NUMBER(S) 5. MONITORING ORGANIZATION REPORT NUMBERIS)

MCR-84-506 RADC-TR-84-183

6a. NAME OF PERFORMING ORGANIZATION b. OFFICE SYMBOL 7a. NAME OF MONITORING ORGANIZATION

Martin Marietta Denver Rome Air Development Center (RBRP)
Aerospace I

6c. ADDRESS ICIly. State and ZIP CoIde 7b. ADORESS (C0ty. Slate and ZIP Code,

P. 0. Box 179 Griffiss AFB NY 13441-5700
Denver CO 80201

Be. NAME OF FUNDING/SPONSORING Sb. OFFICE SYMBOL 9. PROCUREMENT INSTRUMENT IOENTIFICATION NUMBEA
ORGANIZATION (It applicable)

Rome Air Development Center (RBRP) F30602-82-C-01]l

Sc ADDRESS Cty. State and ZIP CodeI 10. SOURCE OF FUNDING NOS.

PROGRAM PROJECT TASK WORK UNIT
Griffiss AFB NY 13441-5700 ELEMENT NO. NO. NO. NO

62702F 2338 01 2P
S11 TITLE ,Include Securlty Clautficaulon

EOS PROTECTION FOR VLSI DEVICES

12. PERSONAL AUTHOR(S)

David D. Wilson, William E. Echols, Mark G. Rossi
13. TYPE OF REPORT 13b. TIME COVERED 14. DATE OF REPORT Yr. mo.. Day) 15. PAGE COUNT

Final FROM Jun 82 To Mar 84 September 1984 274 0
15. SUPPLEMENTARY NOTATION

17 COSATI CODES Is. SUBJECT TERMS ,Coniue on reverse it .c...ry and identfy by block number,

FIELD GROUP SUE. GR. EOS Electrostatic Discharge

09 01 ESD Test Methods W6-- .

09 03 Electrical Overstress Failure Mechanisms (See Reverse)

19. ABSTRACT 'Conlnue on teverse iI necegary and identlfy by block number)

The sensitivity of eight complex integrated circuits to ESD was studied. This included

both the human body ESD simulation and the charged device ESP simulation. Failure Analysis
and data analysis were performed to understand the sensitivity variations and to allow .. -

recommendations to be made on input protection networks for VLSI devices.

20 OISTRIBUTIONAVAILABILITY OF ABSTRACT 21 ABSTRACT SECURITY CLASSIFICATION

UNCLASSIFIEOUNLIMITEO SAME AS RPT I OTIC USERS UNCLASSIFIED

22a. NAME OF RESPONSIBLE INDIVIDUAL 22b TELEPHONE NU MBER 22c OFF,CE SYABCL
In.6.de Area Code,

Daniel J. Burns (315) 330-2868 RADC (RBRP)

DO FORM 1473, 83 APR EDITION OF I .AN 3 IS OBSCLETE UNCLASSIFIED
SECURITY CLASSiF-CA',ON OF T.,S ~1

. . . . . . . . . .•-7

I. * ~*. . **.~.. . . .. . . . . . . . . . . . . . . . . . . . .



UNCLASSIFIED
SECURITY CLASSIPICATION4 OF THIS PAGE

18. Subject Terms (Continued)

Protection Networks Integrated Circuits
Very Large Scale Integration Design
Failure Analysis

17. Cosati Codes (Continued)

Field Group

14 04
20 12

UNCLASIFIE

S E U NI C L A S S I F I E D I N F T iS P G

.~~~~~ .* * * * * . . * *~ .. .. . . .. . . . . . . . .. . . . . .. . .



TABLE OF CONTENTS

Page0 0

1. INTRODUCTION....................... . .. ..... . . .. .. .. ......

Ii. LITERATURE SEARCH..............................2

III. TEST PROCEDURES..............................11

IV. TEST EQUIPMENT.................................180 0

V. DEVICE CHARACTERIZATION AND TESTING................25

A. Part A Analysis...........................27 .

B. Part B Analysis..............................64

C. Part CAnalysis.............................91 9 .

D. Part D Analysis.................... . . ... . .. .. .. .... 1

E. Part E Analysis............................129

F. Part F Analysis...........................158

G. Part G Analysis..............................177 0 0

H. Part H Analaysis...........................215

VI. PROTECTION SCHEME ANALYSIS.........................250

Accession For

NTIS GRA&'I
DTIC TAB E
Unannounced E

Distributiton/

Availability Codes

AVail and/or
Dit Special

1%

7



-. 7 = 77

EVALUATION

Many of the major semiconductor manufacturers have published the results -
of their own in-house design evaluations of new electrostatic discharge (ESD)
protection networks. Several major users have published test and evaluatiou
results on the ESD rrotection networks used on a wide cross-section of
popular device types available today. The present work was undertaken to
expand that data base and to compare the failure mechanisms which occur in
devices subjected to both the human body and the charged device ESD S
simulation tests.

The conclusions of this report are similar tc those other workers.
Failure mechanisms induced with the human body model are prlmaril
electrothermal junction shorting, often associated with aluminum/silicon
contacts near the bonding pads (an Interlevel polysilicon layer placed .0
between the aluminum and silicon in such contacts significantly raises the
failure threshold). Layout 'mistakes- such as closer spacing of protective
network components to other junctions can cause significantly lowered failure
thresholds for a pin. Interlayer oxide shorts were found to occur in some
networks. The charged device test induced failures at much lower voltages
but the failure mechanisms were similar in the best protective networks. In S
a lmost every case there were easily recognized reasons for increased
sensitivity on one or more pins which could be fixed by minor layout changes.,

It appears that the best approach to ESD protection is to use standard
networks with identical layout placed near the bonding pad of each pin which
requires ESD protection. It is also clear that the entire ESD current path ._-.

through the device must be considered in addition to the local protection
network.

Advances in integrated circuit technologies are resulting in basic
circuit structures wbich are increasingly sensitive to electrostatic
discharge (ESD) damage because of decreasing oxide thicknesses, shallower
junction depths and smaller junction areas. A comparison of the sensitivity
of present day integrated circuits to damage by ESD to that of devices
designed only a few years ago must be done on a vendor-to-vendor basis and
often, unfortunately, within some vendors on a department or designer basis.
Even so, this work has shown that certain vendors- product lines have
exhibited reduced ESD sensitivity in spitei of technology advances. These
cases indicate that significant progress has been made in the design of
effective ESD protection networks (which are integrated into virtually all of
today's devices).

Further progress must be made for two reasons: 1) future devices are
expected to be more sensitive to damage as scaling continujes and 2) the best
protective networks available today cannot withstand a healthy zap from a
human (>500Ov, 100 pf, 1500 ohm test) or a low level zap from themselves
(2000v, charged device test).

DANIEL J. BURNS
Project Engineer
RADC/RBRP iii
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I. INTRODUCTION

The purpose of this study is to gain further informatxon on the -

sensitivity of advanced semiconductor devices to electrical overstress (EOS). ..
The electrical overstress investigated was electrostatic discharge (ESD) using
both the charged device (CD) model and the human body discharge (HBD) model.

This study included 1. Literature Search, 2. Test Procedure Development,
3. Test Equipment Fabrication, 4. ESD Sensitivity Testing, and 5. Protection
Scheme Study.
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II. LITERATURE SEARCH

A literature search was performed to gather published information on
EOS/ESD work. This information was used in the rest of the study to establish 0.
the test procedure and test equipment in order that the best possible test
could be developed.

A computer search through the Martin Marietta reference library was
initiated by a subject/key word method. The subjects which were researched
were electrical overstress and electrostatic discharge. The databases which .
were used include:

1. NASA RECON - Includes report literature indexed in Scientific and

Technical Aerospace Reports (STAR), International Aerospace Abstracts " '
(IAA), announcements of NASA research in progress, and reports issued .

by the Aerospace Safety Research and Development Institute.

2. Lockheed DIALOG, SDC ORBIT - These database vendors offer a selection
of over 125 databases covering various fields of knowledge. Four of
those used are listed below:

a. INSPEC (Institute of Electrical Engineers) - Provides on-line . S
access to the three sections of Science Abstracts (Physics
Abstracts, Electrical and Electronics Abstracts, Computer and
Control Abstracts).

b. SPIN (American Institute of Physics) - Indexes a variety of the
world's physics journals. __.

c. COMPENDEX (Engineering Index) - Provides worlowide coverage of

engineering literature.

d. NTIS (National Technical Intormation Service) - Covers " _

government-sponsored research. -

3. Defense RDT and E Online System (Research, Development, Test, and
Evaluation) - Provides access to Department of Defense current anu
completed research as well as projects planned for the future.

The paper abstracts and/or titles were obtained and selected articles were 0
ordered. 7 7 7

Pertinent articles 0hich were available from symposium proceedings which
are kept on file in the Failure Analysis Laboratory were also obtained. The
proceedings reviewed included the Physics of Failure/Reliability Physics
Symposium proceedings from 1967 to present, the EOS/ESD Symposium proceedings .
from 1979 to present, and the ATFA/ISTFA Symposium proceedings from 1977 to
present.
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With the papets obtained from these sources, each was reviewed and

categorized. The categories included:

I. Human body discharge model

2. Charge/discharge model (charged device)

3. Electrical overstress

4. Protection networks

5. Equipment

6. Review paper

7. Theoretical paper

Within each of these categories, the papers were summarized for
significant information. As an example for the equipment category the type of
resistors, capacitors, relays, switches, and materials were noted. Contacts
were also made with several of these authors to discuss their systems.

In addition to categorizing the articles, other data was compiled. These •

include:

I. Devices tested

2. Failure threshold

3. Waveform monitoring

4. Voltage steps utilized

5. Data analysis methods

During later stages of the testing the RAC "Electrostatic Discharge (ESD)"- -
Susceptibility of Electronic Devices" publication was obtained and reviewed.

A listing of 66 articles which were reviewed follows:

Categories

HBD Human Body Discharge Model
CD Charged Device Model
EUS Electrical Overstress Model
PN Protection Networks Information
EQ Equipment Information

R Review Paper
T Theoretical

3
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III. TEST PROCEDkES

Test procedures were developed to be used as destructive step stress to
failure tests to determine the voltage level at which device failure occurs. .
Two test proceaures were written, one for the human body simulation and one
for the charged device simulation.

The human body simulation test procedure was written in a manner similar ..

to MIL-STD-883B Method 3015.1. The major difference was that each pin on the
device was stressed in sequence with all of the other pins connected together .
as the return path. This configuration is more difficult to implement but
allows the weakest path for each pin to be determined as well as testing the
power pins which are normally treated differently than the other pins. It is
believed that this will provide sensitivity intormation which closely
approximates the sensitivity level of a part in a circuit.

The charged device test is a new procedure which has no similar MIL-STD
Method. This method simulates handling, transportation, or non-grounded
storage types of failures where a part becomes charged and then it discharges
through a pin to a ground plane or to a large object at a different
potential. A fixed position for the device, with the device placed upside

down on an 8 mil thick teflon glass tape above a ground plane was chosen. S
Each pin in sequence was slowly charged to a voltage level and then discharged

rapidly to ground. The two test procedures follow.

A. "Human Boay" Electrostatic Discharge Step Stress to Failure

Test Procedure .

1. PURPOSE

This method establishes the means for measuring the level of a -

simulated electrostatic discharge stress required to produce a failure on
a microelectronic circuit. This method will be used for analyzing the -. .
sensitivity level of each pin on a device and for quantifying the
variaticn in sensitivity levels between pins.

The simulated electrostatic discharge stress utilized is the waveform
as illustrated in Figure 2. This is the "human body" simulation which is
designed to produce a waveform comparable to that which will occur if a 0
person charged to a potential level relative to a part comes into contact
with that part and tAere is a current return path out of the part.

1.1 Definition - The following deiinition for the purpose ot this Test
Method shall apply:

1.1.1 Electrostatic Discharge (ESD) - An electrical current flow (induced
by an electrostatic field) between two substances at different potentials. -.-.--

*- :... , .. .
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2. APPARATUS

The apparatus requireo is an ESD simulation circuit similar to that

shown in Figure 1 which will produce the waveform shown in Figure 2. This
system shoulu be capable of producing stress levels from -5,000 volts to 0
+5,000 volts.

3. PROCEDURE

The pulse waveform and parameters as specified in Figure 2 (Note 3 -

only) shall be verified across the DUT socket, using an oscilloscope with
a 1500 ohm resistor in the test socket. A photograph of this pulse
waveform shall be taken and kept for reference; one picture shall be taken
for each group tested.

a. Pretest - Set high voltage supply to zero. Wire all pins to ground.
Insert device in test socket. S

b. Set voltage level to +Z50 VDC. Change pin I from its ground
connection to the output of the ESD simulation circuit. Apply stress
to DUT. Reconnect pin I to ground ana proceed to next pin. Repeat
process until all pins are stressed.

c. Measure device DC electrical parameters at 25%C. If a pin has out of
specification leakage, or is non-functional, remove it from further
stress by disconnecting that pin from ground and do not connect that
pin to the stress circuitry. Stop test on this device when half of
the pins fall this criteria.

d. Repeat a. through c. with negative voltage at the same level.

e. Increment voltage upwaru in 250 volt steps and perform a. through d.

NOTE:

1. Value of RI shall have a minimum limit of 800 kohm, and a maximum

limit of 3 Gohm; and be of a high voltage type.

2. All components, and interconnecting wiring shall have voltage and
current rating greater than the maximum specified supply value.
(NOTE: This does not apply to resistors). •

3. Resistors R2 and R3 shall be a matched pair (within 10%), and
noninductive, and high voltage withstanding.

4. Waveform shall be measured with a 100 MHz minimum oscilloscope (see
note 5). _

5. A high voltage, high impedance ( 1 10 Mohm), low capacitance ( 15
pF) probe shall be used when measuring pulse waveform.

12
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6. Relay RS1 contacts shall be of bounceless type (mercury wetted or
equivalent), and have a dielectric breakdown voltage and current

greater than the maximum specified voltage supply value.

7. Effective capacitance shall be determined by charging C1 to 2,000

Vdc +5% and with no device in test socket and test switch open,
discharging C1 into an electrometer or coulometer connected between
points A and B of Figure 2 and calculating effective capacitance
which shall be 100 pf + 10%. Effective insulation resistance for
C1 shall be 1010 ohms minimum.

8. All pins of DUT not associated with test procedure shall be connected 0
to ground.

9. Resistor R3 shall be placed in socket across terminals A and B
only, when initially discharging circuit for waveform photograph (see

3). Test waveform only will be Z 50% Vp and 2td.

o

RI HIGH
CURRENT VOLTAGE
LIMITER RELAY .
(note 1) (note 6) 1500 ohm

IGH VOLTAGE A WAVEFORM
WR 3 M EA SU R EM ENT.; . ----

WER SUPPLY DC Cl R3 4D U T MESREN
INITIALr TERMINAL .

OLTMETER TEST L-
note 7) (note 9) B

FIGURE 1 ESD Test Circuit
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NOTES:0

1. The rise time, tr, of the pulse voltage, Vp, shall be measured from
10% to 90% of the peak amplitude, Vpeak, and shall not exceed 15
nanoseconds.

2. The pulse decay across R2 to ground shall be a single exponential
waveform whose decay time, td, when measured between Vpeak and

36.8% Vpeak, is R2 x C1 + 10%, orf 150 ns.

3. For initial waveform test only the voltage waveform will have the
following characteristic s: V P = 50% + 15% of voltages in the pulse
decay time, td, will be (R2 + R3) x dlor 300 ns.

(V PEAK) 100% - -

9Sya-

0I

TIME

FIGURE 2 ESD Test Circuit Voltage Waveform
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B. "Charged Device" Electrostatic Discharge Step Stress to Failure

Test Procedure

1. PURPOSE -

This method establishes the means for measuring the level of a

simulated electrostatic discharge stress required to produce a failure on .. _.:
a microelectronic circuit. This method will be used tor analyzing the

sensitivity level of each pin on a device and for quantifying the "

variation in sensitivity levels between pins. 0

The simulated electrostatic discharge stress utilized is a waveform
similar to that illustrated in Figure 2 (Note 1). This is the "charged
device" simulation which is designed to produce a waveform comparable to

that which will occur it a part charged to a potential level comes into
contact with an object at ground potential and the charge on the part is
discharged into that object.

1.1 Definition - The following oetinition for the purpose ot this Test
Method shall apply:

1.1.1 Electrostatic Discharge (Ebb) - An electrical current flow (inducea 0

by an electrostatic field) between two substances at different potentials.

2. A PPARATL

The apparatus requirea is an ESD simulation circuit similar to that
shown in Figure 1 which will produce the waveform shown in Figure 2. This

system should be capable of producing stress levels from -5,000 volts to
+5,000 volts.

3. PR-CED..E

The pulse wavetorm and parameters as specitieu in Figure 2 (hote 3 0

only) shall be verified on the 100 pf test capacitor across a 1500 ohm.-
resistor, using an oscilloscope. A photograph ot this pulse waveforn-

shall be taken and kept for reference; one picture shall be taken for each
group testea.

a. Pretest - Set high voltage supply to zero. Place device on ground 0

plane with leads facing upwards.

b. Set voltage level to +250 VDC. Connect charge/discharge wire to pin

1. Actuate relays to charge and discharge device. Move

charge/discharge wire to next pin. Repeat process until all pins are

stressed.

c. Measure device DC electrical parameters at 25°L. If a pin has out o"
specification leakage, or is non-functional, remove it from further

stress. Stop test on tris device when hall ot the pins tail this

criteria.
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d. Repeat a. through c. with negative voltage at the same level.

e. Increment voltage upward in 250 volt steps and perform a. through d.

NOTE:

i. Value of R, shall have a minimum limit of 200 Mohm, and a maximum

limit of 3 Gohm; and be of a high voltage type.

2. All components, and interconnecting wiring shall have voltage and

current rating greater than the maximum specified supply value.

(NOTE: This does not apply to resistors). 0

3. Waveform shall be measured with a 100 MHz minimum oscilloscope (see

note 4).

4. A high voltage, high impedance 1 10 Mohm), low capacitance ( 5

pF) probe shall be used when measuring pulse waveform.

5. Relay RS1 and RS2 contacts shall be of bounceless type (mercury
wetted or equivalent), and have a dielectric breakdown voltage and

current greater than the maximum specified voltage supply value.

Relay RS2 will close before RSI opens and will remain closed

until RS1 opens. 0

6. All pins of DUT not associated with test procedure shall be open.

7. Resistor R2 shall be placed in socket across terminals A and B
instead of the shorting bar and capacitor C1 shall be plaed from C

to ground when initially discharging circuit for waveform photograph.

HIGH

CURRENT VOLTAGE

LIMITER RELAYS

(note )(note 5)

C A -

INITIAL

IGH VOLTAG INITIAL R2 EST

Cl --- 0TEST 11500 ohm .
OWER SUPLY -- 1 100 pf -"(note 7)

I ' (note 7)

FIGURE 1 ESD Test Circuit
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NOTES:

1. The waveform appearance during initial test is a damped sinusoid

superimposed on an exponential. This is an underdamped case with - -
LC 4 4R2C 2 . Actual waveform will be the overdamped case since 0
LC > 4R2C2 as R decreases.

2. This waveform will reach a peak higher than the input voltage level
and will decay in approximately 150 nanoseconds.

* VOLTAGE .

TIME - *

FIGURE 2 ESD Test Circuit Voltage Waveform
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IV. TEST EQUIPMENT

The objective in the design of the test equipment was to allow easy and
rapid testing of devices with up to 64 pins. The original idea was to build 0

an automatic or semi-automatic system that would stress each pin in sequence.

Discussions with persons that have attempted to build an automated system and

research performed for this study, determined that this was not within the
scope of this effort. The system shown in Figure IV-I was developed to

accomplish the testing. Additional apparatus is shown in Figure IV-2. The .
boards can handle standard dual-in-line packages from 14 to 64 pins. 0

The test tool has a variable supply from -5,000 volts to +5,000 volts.
This allows parts to be taken in a step stress manner to failure rather than

establishing just a fixed susceptibility level. The polarity is controlled by
a switch on the front panel and the level is controlled by two sets of

potentiometers, fine and coarse. The other control on the front panel •
switches the model from the human body discharge simulation (HBD) to the

charged device (CD) simulation. The boards have parasitic capacitance of 9.1
pf, 10.4 pf and 13.2 pf going from the 20 pin fixture up to the 64 pin
fixture. The bottom sides of the zero insertion force sockets and the first

termination of the wires coming from the socket are coated with silastic-E, a
high breakdown voltage, silicone potting compound. This combined with S
silicone rubber wiring eliminates the chance for corona discharge between

adjacent pins. The stress application point is connected to the appropriate
device pin by a shorting pin which slips through the top jack and board, a

guide hole in the middle board and into a jack connected to a copper trace on
the bottom PC board. The simulation circuit is the standard 100 pf, 1500 ohm

RC discharge network. The risetime of the pulse was about 5 ns with no test 0
board in place and about 15 ns with the 64 pin fixture. It was a repeatable

exponentially decaying waveform with no apparent ringing (Figure IV-3). A
single pin is connected to the discharge circuit. The remaining pins are
connected to a trace that goes to ground via shorting pins.

The charged device model board is as shown on the right-hand side of I

Figure IV-2. The part is placed upside down on a piece of teflon glass tape
(8 mil) that is attached to a copper clad PC board. The copper clad board is

tied directly to ground and the part is connected through a silicone wire to
the stress voltage. The entire device is slowly charged to a voltage level

and is then shorted to ground. The short to ground is applied before the

charging voltage is removed from the device and both switches are opened at S
the same time. The capacitances measured between the ground pin on each

device and the copper plate were:

Device Pins Capacitance (pf)
Part G 64 34
Part E 40 19 -

Part A 40 18
Part H 40 16

Part B 24 11
Part C 20 8

Part D 20 6

Part F 18 5 0

18 .-.-
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To allow examination of the signal for the charged device model a plate

was constructed which measured 100 pf when placed on the fixture. This had a

pin which was connected to the stress circuit and a 1500 ohm resistor was used

between the relay and ground. The waveform was measured across this

resistor. This waveform is as shown in Figure IV-4. The ringing is due to
the inductance of the discharge circuitry.

The sc'ematic for the test tool is shown in Figure IV-5. The two time

delay relays were designed into the circuit to allow control of the timing
between the activation of the first mercury displacement relay and the

activation of the second mercury displacement relay. Analysis with devices in
the charged device circuit found that it was necessary to have the second

relay discharge the device to ground prior to the first relay opening. The
non-inductive 100 megohm resistor was placed between the two relays to provide
additional current limiting and isolation between the device under test and
the first relay.

The test tool operation is as follows:

General

I. Connect power cord to 120 VAC.

2. Set front panel rocker arm switch to ON.

3. Set voltage controls to zero (Counterclockwise).

Human Body Discharge i

I . Set test switch to human body discharge.

2. Place test fixture on test tool (20, 40 or 64 pin).

3. Place part (D.U.T.) in test fixture.

4. Select pin to receive stress by connecting to inside (red) track.

5. Connect remainder ot pins to ground kblack).

6. Set polarity and voltage level, set voltage level of polarity not
used to zero.

7. Press stress button and hold for I second.

8. Repeat steps 4 - 7 at next pin.

Charged Device Model

1. Set test switch to charged device model.

2. Place CDM test fixture on test tool.

3. Place part (D.U.T.) on test fixture with legs pointing upward.

4. Connect wire to pin to be stressed.

19
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5. Set polarity and voltage level, set voltage level of polarity not
used to zero.

6. Press stress button and hold for 1 second.

7. Repeat steps 4 - 6 at next pin.

The parts utilized for this test equipment are as follows:

Test Tool Parts List •

Name Number Manufacturer

Slant Front Cabinet DSSF-10506 buckeye

Mercury Displacement Relay WM35A-120A Magnecraft -
Digital Panel Meter RM-452TB/DC Non-Linear Systems
72 Volt Unregulated Power Supply U72Y25 Acopian
Positive High Voltage Power Supply PMT-50A-P Bertan
Negative High Voltage Power Supply PMT-50A-N Bertan
High Voltage Relay 24HVIA-75 Douglas Randall
On Delay Timer SSC12AAA Beabout
24 Volt Power Supply 524hl-C ERA Transpac
Potentiometer, 100 ohm, 10 turn 3540S-1-101 Bournes
Potentiometer, 5000 ohm, 10 turn 3540S-1-502 Bournes

* High Voltage Silicone Wire 37F2103 Dearborn
Resistor, 100 Megohm ROX-I Dale Electronics

On/Off Switch 35-620 GC Electronics
Resistor, 1500 ohm FERW Dale Electronics

High Voltage Ceramic Disc Capacitors DD60-XXX Centralab
Interval Timer SbC32AAA Beabout
Momentary Switch 35-844 GC Electronics
DPDT Switches 35-138 GL Electronics

Silicone Potting E Dow Corning
Connec tor 143-012-01 Anphenol

- Fuse I amp
Power Cord 3 Prong

Test Board Parts List •S
Name Number Manufacturer

Copper Clad PC Boards 22-263 GC Electronics
Shorting Pins Custom LVC Industries
Horizontal Jacks, Red 105-0752-001 E.F. Johnson
Horizontal Jacks, Black 105-0753-001 E.F. Johnson •
Zip Dip Socket, 64 Pin 264-4493-00-0602 Textool
Zip Dip Socket, 40 Pin 240-3346-00-0605 Textool
Zip Dip Socket, 20 Pin 220-3342-00-0605 Textool

. Banana Jacks Male

- Teflon/Glass Tape 6085-06 Taconic
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Figure IV-3 -Human Body Simulation ESD Test Waveform, 200 volts/div,

100 nanoseconds/div.

Figure IV-4 -Charged Device Simulation ESD Test Waveform, 100 volts/div,

50 nanoseconds/div.
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V. DEVICE CHARACTERIZATION AND TESTING

Parts were selected for this study to provide a variety of technologies, -
functional types, and manufacturers. Within these constraints, parts with the 0
finest linewidths were selected. The table below lists the parts chosen.

Thirty-five devices of each group were ordered, providing 5 devices for
physical analysis, control parts and test set up. The remaining thirty parts
were divided into two groups of fifteen parts each for the two ESD simulation .-

models.

Device Function Technology

Part A 1K RAM, I/0, Timer CMOS
Part B 8K Static RAM NMOS
Part C Octal Latch Schottky
Part D Octal Latch Schottky

Part E 2K RAM, I/O, Timer NMOS 0
Part F 4K Static RAM CMOS
Part C Microprocessor NMOS
Part H Microprocessor NMOS

The parts chosen included six MOS devices and two bipolar devices. This
ratio was picked due to the greater sensitivity of MOS devices and due to the
smaller dimensions generally available. NMOS was the most common technology
chosen due to the number of small geometry LSI and VLSI circuits in this
category. The Schottky parts were included to obtain a bipolar part in the
study and due to its reported sensitivity to ESD. The difference in failure
mechanisms and ESD model sensitivity was also considered. These Schottky
devices were the simplest circuits functionally. The specific functional
types were kept to four to allow intercomparisons between manufacturers,
technologies, and function.

Characterization was performed on each of the eight devices. This
characterization included schematic development of the interface circuits,
electrical measurement of these components, measurement of dimensions, and
microsections.

The same procedure was followed on each device. The package was opened
and the die was examined on the light microscope at 50X to 600X. The general
layout of the supply metallizations was traced. The layout of the circuitry
for each of the other pins was examined. Variations in the layout or the
appearance of the circuitry were noted at this time and specific pins were

selected for schematic development. The schematics were developed for a
typical input, typical output, and for a portion of the circuitry connected to "
the supply lines (V+, V- and ground). If variations in the electrical
schematic were evident, then the schematic for each type was developed.

The glass passivation was stripped as necessary to allow examination and
identification of the circuit components.

25

. . . . . . . . . .. ..



A minimnum of one device of each type was microsectioned. These
microsections were performed through areas that provideu information related
to the failure moues.

Each of the eight parts will 1.-. discussea individually. These are
included in sections A through H which follow.
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*. A. Part A Analysis

This device is a RAM-I/O-Timer fabricated using a p2CMOS silicon gate
technology. This device has 1024 bits of static RAM (128 x 8), 22 -

programmable I/O ports, and two programmable 16-bit binary counters.

-7. These devices have one layer of metallization and two layers of
polysilicon. This was in a 40-pin dual-in-line metal lid ceramic package. An
overall die photo is shown in Figure V.A.l. VCC is pin 40 at the top of
Figure V.A.l and VSS is pin 20 at the bottom. VCC is also connected to the
package substrate via a bond wire. VCC is distributed around the perimeter of S
the die by both a polysilicon stripe and an overlying metallization stripe.
VSS traverses around the die on the inside edge of the bond pads.

The VCC bond pad is shown in Figure V.A.2. It is connected to the
substrate, to the body connection for the N-Channel MOS transistors, and to
the sources of the P-Channel MOS transistors. .

The VSS bond pad is shown in Figure V.A.3. This metallization is
connected to the body connection of the P-Channel MOS devices and to the
sources of the N-Channel MOS devices.

An input structure is shown in Figure V.A.4 and the schematic is shown in S
Figure V.A.5. This structure has diodes to both VCC and VSS as shown. The
junction breakdown of each of these diodes and of the drain to body junction
on the N-Channel and P-Channel FETs is about 30 volts. The gate dielectric
breakdown was 70 volts . The input protect resistor is polysilicon and the
connections to the protect diodes comes from the point at which the resistance
measurement was taken. 0

An input/output structure is shown in Figure V.A.6 and the schematic is Cf. -.

shown in Figure V.A.7. The input protect diodes are incorporated into the
output transistors rather than being separate components. The output is the
standard CMOS configuration. The output only pins had protect diodes
present. An example is shown in the photograph in Figure V.A.8 and the
schematic in Figure V.A.9..

The schematics for each of the inputs and I/0 combinations were identical,
however the protect resistor, protect diodes and output transistor layouts
varied slightly.

Microsections were performed through the input/output sections. This
appeared to be the standard CMOS process with an n-type substrate. The
thicknesses measured were: polysilicon = 0.35 microns, metallization = 1.2
microns, p diffusion for N-Channel body = 8 microns, n+ and p+ diffusions = 1
micron, dielectric between two polysilicon layers = 0.1 microns, dielectric
between polysilicon and aluminum = 1.0 microns. 0

The standard CMOS processing along with a top and side view of a section
through an input/output is shown in Figure V.A.10.
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Electrical Test

Electrical testing was performed on the Tektronix 3260 after each stress.

This testing consisted of VOH, VOL, IOL and IlL. A sample printout of 0
the initial electrical test is provided in Figure V.A.ll. This same serial
number is shown in Figure V.A.12 following the -1500 volt stress. IlL and

IOL provided information on the gradual degradation of the inputs and output.

This testing also provided a functional check of the following. The

control logic (CE, WR, RD, 1OT/M, ALE, and RESET), ports and associated data

direction registers, and the address/data buffers and latches were tested for

operation in their various modes. The mode definition register, the handshake

logic, TO high and low order registers, and the TO prescale and command

registers were partially tested. One 8 bit wide section of the 128 section
RAM was accessed. The TI high and low order registers, and the TI prescale

and command registers were not accessed.

Charged Device Data Analysis

Serial numbers 17 through 31 were subjected to the charged device model of

ESD stress. Device damage occurred at low voltage levels with 5 devices being

removed from stress following the +750 volt stress and the remaining parts - S
being removed from test following the -750 volt stress.

The parameter which changed first with the stress was the IIL reading.
This parameter did not degrade through the nanoamp region as was experienced

with Part B but went to high microamps or milliamps at first indication of

failure. A summary of the pins that failed this parameter and the level at •
which this occurred is shown in Figure V.A.13. The pin 9 failures occurred at

the first stress point and pin 3 failures occurred at the second stress
point. As the pins failed they were removed from further stress. Pin 9 was

the RD-not input which enables ADO-AD7. When pin 9 failed the IIL test, a . -

functional failure of VOH and VOL occurred on these eight pins. Other

functional failures occurred related to damage at other inputs. S

All of the devices were opened and analyzed. There was more damage

present than had been expected from the leakage current measurements. The
amount of damage explained the reason for the loss of functionality on the
parts. Each device was examined and some mechanical probing and measurements

were done to verify the visual indications. 0

The seven input pins are shown in Figures V.A.14 - V.A.20. Pins 4 and II

have similar layout configurations, and pins 7, 8, and 10 have similar
configurations. Pins 3 and 9 were different than the rest. They are shown in . ".
Figures V.A.19 and V.A.20 and have a condition which made them more
susceptible to damage. Within close proximity to the input polysilicon S
resistor there was another polysilicon stripe.
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On pin 3 the polysilicon stripe ran parallel to the input polysilicon.

This parallel stripe was just a continuation of the input resistor, however,

during stress a potential level would develop between these two stripes and a

breakdown would occur. Electrically this created leakage down to the S

substrate or up to overlying metallization.

Pin 9 had a layout like pin 4 and 11 except for a polysilicon stripe that . .. -

ran underneath the input resistor. This created the most easily damaged input
structure.

Eight devices were categorized for failure mode appearance. These were
serial numbers 17, 19, 20, 27, 28, 29, 30, and 31. The pins which had similar
layouts exhibited similar damage. Pins 4 and 11 were by far the least
damaged. No damage or only slight damage was seen on pin 4 on 5 of the
devices. No damage or only slight damage was seen on pin 11 on 3 of the

devices. The type of damage seen is shown in Figures V.A.21 - V.A.33. Pin 7,
8, and 10 were visibly damaged on all parts. This damage was generally in the
bottom of the U-shaped portion of the polysilicon resistor. Several of these
are shown in Figures V.A.25 - V.A.28. Two other damage conditions were seen.

On serial numbers 27, 28, 30 and 31 damage occurred at the first contact point
between polysilicon and metallization (Figure V.A.29). This may have been due

to a resistive contact at that point. On serial number 28 pin 10, a breakdown
through the thermal oxide occurred. There was likely a defect in the oxide at
that point (Figure V.A.30). The failures on pin 3 appeared as shown in
Figures V.A.31 and V.A.32.

The stress on pin 9 was stopped after a single application of +250 volts.

Shorts were created between the two polysilicon stripes, however, there was no
visible damage on 6 of the devices. Damage which was visible on the other

* devices is as shown in Figure V.A.33.

The charged device model stress was found to cause damage to all of the
input circuits and none of the output circuits. In electrical testing pins 9

and 3 showed up first. These pins could be made less sensitive by a minor
layout change. The best configuration to use if a polysilicon resistor is
incorporated into the protection network is a straight run since damage

occurred first at corners.

Human Body Discharge Data Analysis
S

Serial numbers 2 through 16 were subjected to the human body ESD
simulation test method. Device damage was measurable electrically following
the -250 volt stress. The first device was removed from test after the -750

volt stress and all devices were failed after the -1500 volt stress.

A summary of the cumulative leakage failures is shown in Figure V.A.34.
Pin 9 was the most sensitive to stress followed by pin 3. Pins 3, 7, 8, 9, 10
and 11 are inputs and pins 19, 27 and 33 are input/outputs. Failure analysis "

on serial number 3 which had the failures on pins 10, 27 and 33 found that
pins 27 and 33 were related to the state the output was being driven to during
the measurement, rather than an actual failure in the output.
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All devices were visually examined and eight of these were categorized.
There was no output damage visible and the inputs were damaged as shown in
Figure V.A.35. A subjective analysis of the visible surface damage was

performed and the pins classified. The classification of open meant 0
polysilicon open, short meant breakdown between two polysilicon stripes,
slight damage meant minor indications of heating such as discoloration or
small cracks, and damage meant significant physical damage to the polysilicon .-

but not to the point of open.

Figure V.A.35 shows that parts that were taken through -1500 volt stress
generally failed with open polysilicon. The part that was stopped at -750
volts showed only slight visible damage. These results indicate that

polysilicon does degrade partially at low stress levels, however, there is no
way to monitor that using external measurements. The probable change which

occurs is an increase in resistance.

Photographs of the damage are shown in Figures V.A.36 - V.A.42. Figure

V.A.36 shows pin 3 damage. There is a breakdown between the two adjacent
polysilicon stripes and also some small cracks which ran parallel to the
resistor. Figure V.A.37 shows the type of slight damage that was seen. This
is pin 4 and there are small cracks in the resistor. Figure V.A.38 shows a

polysilicon open on pin 4. Figure V.A.39 shows a polysilicon open on pin 7. -

Figure V.A.40 shows a polysilicon open on pin 10. Figures V.A.41 and V.A.42
shown opens on pin 11. All of the opens shown occur immediately before the
contact window to the protect diodes. This may indicate a current crowding
effect causing the heating.

The failure modes seen are different for the two stress modes. The human - 5
body discharge stress required a higher voltage however when the parts failed
more severe damage was done. The location of the damage was repeatable within

the two stress groups but was slightly different when comparing between the
two groups. This difference is likely related to pulse duration and the -

polysilicon heating which occurs.

The subcatastrophic damage that occurs at low levels to the polysilicon
makes it possibe for latent problems to exist. This has not been proven but
is a concern. The use of polysilicon stripes in the input sections does not
appear to be desirable. A latent defect study on parts which are stressed
below the catastrophic level could provide this information. An ESD stress

test followed by a dynamic life test would be a method to investigate this 0
concern.
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Figure V.A.2 - 'CC Bond Pad and Connections

I 0

Figure V.A.3 -VSS Bond Pad and Cnnections
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Figure V.A.8 Pin 6 Output
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0 Figure V.A.F) A. input/Output Surface Layout

Figure V.A.1l B. Cross-section Through Area Marked in A

Figure~ ~ ~ ~ ~ V..( C. .SSrutr
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MARTIN HARIETTA ,EROSPAFE -- fINklR rVITSION -- FfRTS E"r, I tri1 ION Lr.

F'ART NUMBER - FILE UID 1 49 SErIAl NLI -R -.. --"'"
lE.STED AT 25 LiED, I; 140. 1 EL ECTRIGAt
ON 14 JUL 83 AT 12 ,55:32 WITH THF 3.160 TEST SYSTili

TEST MEASU.ED _ I h I T S
V.' i L TYPE UAL UE MI M Ihuii MA <I h!,i

VO-- -- - - - -- - - -----i--- ---------------------------43 0 L 210 iVOH1 -4, - - 1 360 V D, 400 V ..

VOH- ----- -- 4,360 V :1, io0 --

VLHI ------ 4,360 U 2,400 v --
YOH1 ------- 4---,3 U 

7
(0 Li --

UOHI ------ 4 350 V 2,400 V --

VOHI ------ 4, 35 V -,I0C , --

VOHI - ------ - 4 350 V :? 100 j --V
VOH-- - - - - -- 4 355 V, .,400 Y --

LOHI ------ - 4,360 Y 7,GG Li --

VOHI ------ 4,360 V :,I 00 --
Cd--------- 4,355 V 2 400L. --

-OH- ---- -4, 5 iV 2 400 , --
''OHI- ------ 4,355 V 21A0 --
L'GH-- - - - - -- 4,360 V 2 40 U 0 _

',0 HI - - - - - - 4 ,365 k' :? A400 I.,
KOH- ------ 4.365 L ,'3 V -

,OHl-4,3&5 i - , ) -- -'-
"O- -4 -360 - - -4-K '.' --

U H A,355 V 2I -0O -- -- -
-,-,- - 3- 2- . 0 'V - - '- - -

"0HI-- ------- 4,360 k) 2 400 L --

'OH - - - - - 4,365 2 .1 0 --
'H1- - ---- -,- U 2400 " -- .

VOH- ------ 4.,365 V 2 400 Li --

V'OHI 4,3,5 V 2, 1 0: V -"-
UCHI-------------4,365 ,i 2./400 ',' -- """"""

L1OH1- .36S5 V 1 400 L --

''OH- I ------ 4,355 L 2 V -- --

l'OH1-,355 V 0 .S Y --
VOH I ',-L, - - -, -, -- 2- 4" V

",,H2 -5 L - A-" -, 5 --

OH2 *.495 Li 4" 9 V --

"H----- - ---- 4,495 y 4 0, --

UGH2 ------ 4,9 " 4 L 0 ' -- "
JOH2 ------- 4.495 0 -1 0' j --

'O'H2 ------ 4,49,5 k 100' . --

k',]H2 - ,-- 4 ,190 V 00,C0 V, -
VOH2 -, - - - 1 , V ,1 ()', "J --
JOH2 - ---- - - 495 , 1 '.' --

VOH2 ------ 4,495 U Af ,'I U -- .
GH2- 4,490 V I K' --

VO:---H-2 ------ 4,490 Li 4 t' U -- 00OHZ-------------4,19'5 '.' 4 uGO0 UJ - " "-'-'

VOH2 -- ---- , 495 V --

VOH2 ---- -- 4495 L 0 ', --
VOH -, 49- Li A - . --

YOH2 ---- - ---- --- Li- - . .'' kI

Figure V.A.ll - Initial Electrical Test
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FItL E UIr, 145 SFRI[ NLhBER -
IF STE r AT 2, DFG, t. NO. I ELECTRICAL
ON 14 JUL 83 AT 12:56*0 W]TH THE 3_'sO TEST S)STEh'

TEST MEASUREi, I. I h I T S

FAIL TYPE VALUE NiINIIiUM hIUAI. IJ.

---- VOH24-------------------------490 , --

VOH2 ------ ,490 A, --
-UOH2 ------ -445 '1 00 's --

VOH2 - - -,- - - --
VOH2 ------ 4. i I ,)0 --
YOH2 - -,-49:; V 1 00 -
VOH - --, - - --

OH2 ------ 4.4o0 k . ...
YOH2 ------ - - -.-- , - --

VOH2--------------,19-1 V J. tY)OH2 -,-,--- , --"Oil2 -, -9 ,,, --

VOH2 - - - -U - -, 4.)95 -
'H:! .- 4-9 - - ,---,. ...1'.

*.','OH.------------------------4 )9.)_

SO------L -1 -- -- - --- 11 , ' ',
'V LI - . . . .. . - 106.5ri --
VOLI1 ------- 10-5---(-----i -- 0 Pi V
!.'! L I -. - - - - - 3 A 'L0 , --

'.']L 1 I -' .- - - '
V'OL I - - - - - - 3 . 5'0 w" 0-- ),, Or',
0_L - - - - - 3' r~, -- .3, 5_

"0L 1 - -. ',' -- 8 o00 Of

"0OL1 5 50i -- -0 -0--r," 0M
lL'L . .0.)hU -- ' , N V

-'OL1 -6, 0iY -- - -,,'. ) .,(A
"OL I 88 O)i -- 4j. Or -'

, 5Y- (2v-
YO L 1 -,-'- - - - 97, 70 ', ' -- i 11)

-O - -? ,O 'H '- ,,> ,. - -i

- -(- .- --97 ,
VCL I -,- -. -- - -
L . .. , -- '- '"

,' L I. -C-' -- -6'0 , 'J .
•10L1 -9 -,j-,- --127

VOLl -- 1 06 V 100~l Ow

.'OL1 '--,- -'i- -- . , 10 o
'OL7 - - - -- - I

'G LI -'--. -0,',' -- !, C"OL I ii c.50., -- " ".,

'OLD 11'. y) -- )) :,

',OL 1 127 O',U -- 4 (, : ,

'.'OL 1- .. lO t'h -- 1 0 ','t ,

'0L2--------------- 100tiU -- 1i) 'i,
l,'OL 2 2 ],O i'l' -- 1,0 )i

L' - -, 00- -,- -- , 00(0,

Figure V.A.11 - Initial Electrical Test (Cont.)
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FILE uIri :149 SERIAL NLIMEFk - -
fEKlED AT 25 [EG, C NO, I ELECTRICAL
ON 14 JUL d3 AT 1256V'i. WITH THE 3260 TEST SYSTEM

TEST MEASUREI L I M I T S
FkIL TYPE VALUE MINIMUM MAXIMUr

- -- - -- - - - ---L -- - - - -- - ---------------------------1-0-1 -10 .6VOL? 1,000MV -- 1017 o 0r .. .

.0L2 ------ 800,00V -- 100,; -Y
UOL2 ------ 600,OUk -- 100, 01 0
VOL2 ------ 500.0U -- 100,PV
VOL2 ------ 600.0t0Y -- 100, OV
0OL2 ------ 650,0L0 -- 100 0ri5
VOL2 ------ 950.0 -- 100 s011V
VOL2 ------- 1 , 250MV -- 100. O5V
VOL2 ------ 800.0LIV -- 100,01
VOL2- ------ 7U0.000 -- 100.0v
0OL2 ------ 500,0U -- 100.0MV S
VOL2 ------ 750.OUV -- 100,0w
VOL' ------ 1. 00011V -- 100. i.
VOL2 ------ I 1 1 00110 t 00, O"'.'
VOL2 ------ 750.00V -- 1"0 H Y
VOL2--00. 000 ---- 10,'* 0"w
VOL2 ------ 750,0U -- 0 0 "
VOL2 ------ 700,000 ---- 100 "
VOL2 ------ 700.000 -- 1o, O' S
VOL2 ---- 1.500 I10 -- 1 1 O0 fr :''
YOL2 - - -- 100. -- 100. 1'
V0L2 ---- 9000 - - 100 ,j 00,'V
VOL2 ------ 950.0UV -- 100.01.V•
VOL2 ------ 3,6 '.,0 P -- 100.06'.'
VOL2 ------ 3,400MV -- 100.. "•"
YOL2- ------- 3. -1.0O40 -- 100.00'J "
VOL2 ------ 3.400MV -- 100. OriV

IL 2. 200N -1. 00 0 0 0 1
IlL . 00 -- O - , u.- - -
I tI - - -00 A -1 -, -' I , -0

IIL - - -0,0.-', - , ,.^
IIL 5 0 , ' -- - -U-,
[IL - 0100 0 -1..'<Juh *l -

IIL - -,-7 IOF -j.000'U I C UA1 .
IlL 500.0F0A -1,0000Ul 1000UA
IIL 1,600NA -1 O00U 1Ou100UA

-IL 01000 A -I 000UN I 00UA
IIL IIOONA -1 00U, 1 *000UA
ILL -10,OPA -I 000U 1 000U
IL -1001f1 - 1.00U, 1) I000U,
IIL 0.000 A -1 1O00UO 100OUA
[IL - -- -N00A -i.O0000U 1 000U0.-.0
IL - - 450 00A -1000U I 000U.-.
IlL 300NA00 -1000U0 1000IA.
IL --- 01000 A -1.0000 10000r
IIL 300,0FA -1,000U,0 1 OA ""-

IlL -00,0' -1,000U. 1 000101f0
lit - --- 000 CPA, -1 100000) 1 .50IJU

Figure V.A.ll - Initial Electrical Test (Cont.)
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* r, F r: 1 'L 4' I'_-, ll1 I~q i%-F' - '

I -TED AT 25 rIF , i EL EUTF '.I -

I. 1_ JUIL 12s' I 02:c Q i TH T '- Ay , EST STE'i,

TEST L, ASU FW&UT1 L I I T S - -
'-F TY'E ,LUE rINI Ii IrM .U -h .W
-- L - . - -- - - - - - - -L - - - -,--- - -- - - - -

T: - - - -- U.-.IL - - - ,, .,
I L -. j 'I, I .AIA

S[II - - - - - - O' I . 1
:IL -!O , ':F,1 t' ,L] ,,,} h..

IL - ''hL, uP*1 0i', ." ! II',l;

I I'--'- - - ~ , 0
[VL -,7.O ! i '00 ,: 1 .,,U

LI L --o ). ,, -1 0 ' , I ' '

I L- -9 ,0 '1' -, ,O,''I , A . 4

1 IL - - - - ,7 9K A'.

I L - :0 F , -1 - -. - 1 - -
i L - ,0 1 -1 - -_ -. ,

ILL - -,. ' A -- u .) jc. I 1A
-L - -l- - 9- - ,),J 1 GF^UUn i

I IL - , '--- - '' I " A:

TEL - - - - PA --1 'l , 00 U
1 1L - - - - - -''JN-l 1 ,'' "9)

ILL -)-0 -- - - -. 0,(,))10 i 1 0 J
1IL 1 I ''> ,A 1 I 1 - -' I - - -

I I-' 'rIn- - -1 o(-OU(I 1 ')U,-
ILL I -- ON!- -I OW j OU 005f11 1 0UA
EIL 2.:,O', -I (0'IrLA 1 C'_lt,
I I L -1 " , ,- " , I ' -'
1 1' ly C (" ¢-1 U,-)t'' I "I' \'LIt

I L .A 1 , ,) I ,, 1 I - - -

I L -. '' ,, l 1 , ',I- -. ..I
I .L . . . . , 41 4 t 1! L" , U ,. , (*.-

ML ~~1 yONA '
4

'Lj' ("L
i T L - O .'9"- 1 00 I, I '' L

TL 14 4, - ,' 'LA

Ie Lc- - -t 1 C'I ''

IL I:. -9O- - t4 6 0 oIo2!IC I t
I IL -1 ? 0 - 0 IO1 UO I U

ILL 2 1 0,'Oi,' -]IAcOL _I 1 ''', .,I -]]''

I L - jjjJ!1 -- - -, -, -
IL -, - , -- . ..-t 100'Y'

I L -i 01 - 0 1 '-' -- - - 0 A I C U
ILL -) - -,- - -1 00,, , 10'',"j, I

-I L -- - -1 .0 0 U , 1 ,6 L,' n I

IEI 1 ,950t,'-9 ,  
- 1 xc j03U', 1 ,oo w,.,

ILL -1 9t 1 -NL " 0

Figure V.A.11 -Initial Electrical Test (Cont.)
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FILE UIDl [149 SERIAL IOiM E: --

it-STEP AT 25 .DEG, NO, I ELECTRICtf.
OiN 1-1 JUL 8'3 'lT 1257:1.3 WITH THF 3',60 TEST SYSTEH 0

TEST MEASURFD L I Li I T S
L TYPE VALUE N 814.h'i WiXIMU

IOL 200,0 4 -1 OU4 I',
IOL 2,8000A4 -I 000U 1.) 0000
IOL. ------ ------ 'OO F, -1 COU(,. I 000 .'
IOL 2,700NA -1 00U i 0000A
I C--------- -00, OF-l -1 ,6001h; I 0004U
101 - -,-,-N- - , OI()Ou : 1 00 04.

L. ------ ------6- 0,F',^ -1 000U,'i 1 00010
IOL ... ... 2 800NA -1 000U, 1 L00UA
lot -650, OPA - .00UA 100UA
IOL - - - - - - 2 ,5 ,OHA -I O000J.' I , 00.,UA
IOL - -550,0F'A -1 000UA 1 000U04
[OL-- ------ 2 .------- , CA -1 00U

,  
1 00004 U

',

1O---- - ---- -BoO0'PA -1 000, ^ .0UA 4 - -
IOL 2 500NA -1 .00004 1. ,O'.)OU'
10. -- - - - --- -1 1 000N, -1. 00U4 t. 0,'JO

L.O- 21 100NA -1 . 000U'0 1 ','0
[CL ---- ---- 1, C00NA -1 000U, 0 0'*",A"
-CL ,5150i -100.0, 1 u'l 0 L

[CL_ - 1 00t44 -i. O.0K}LO, 1 '.Oul1 -

SilL ---- --- 0 0.4A -1.000 1 U10 1L -, - - - -, 0O F.A - 1. O : , u 1 u
QL 0------- 50m,051 -1. ,:ou, f ... i'.JICL - - - O ;-* -- -): ) h' - 7, ... PA 1r_1.01 . .1. "U""

IC L 000F4' -I 00 4- - 1 , U, .
to0----------------- PA U1O~u A'
111L 2. -00*2 1 -1 00,U , 0 . ,,^' "- - -[L----------------------1'00' -1 O'0004

,  1.'' wt

IOL - -0-*-4 -l- 00, - 1 ,-' U.)
[IL .-O- - -1 00U 1 00 N p
ftL - 1.0 *, -. ,L , 1 -1,3Q,'W
I O L - - -. . . . . 2 , - I1 ,* 2 . ,' u. 1"1,' ,

vpsr mumFr is 19 SECONDS
F';S INi / ii F'Li T[mL IS 1,56 S-.CONDS

Figure V.A.11 - Initial Electrical Test (Cont.)
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MARTIN MARIETTA AEROSPACE -- DENVER DIVISION -- PARTS EVALUATION LAB

0
FILE UrD :14? SERIAL NUMBER - 5

TESTED AT 25 DEG. C NO.13 ELECTRICALS
ON 27 SEP 93 AT 09:06 WITH THE 3260 TEST SYSTEM

TEST MEASURED LI M IT S
FAIL TYPE VALUE MINIMUM MAXIMUM

*** VOHI-------------519.OMV 2.400 V --

*** OHI-----------541.5MV 2.400 V -

*** VOH-----------544.OMV 2.400 V -

**S VOH-----------560.OMV 2.400 V -

*** VOHi-------- ---- 1-.MV 2.400 V -

*** VOH-------------575.OMV 2.400 V -

*** VOH-------------587.OMV 2.400 V -

*** VOHI-----------590.Omv 2.400 V -

*E* VOI-------------585.5MV 2.400 V -

*** VOH-------------587.5MV 2.400 V -

$** VOHI-------------587.5MV 2.400 V -

*** VOI-----------5S8.OMV 2.400 V -

*** VOH-------------5B9.5MV 2.400 V -

*** VOH-------------590.5HV 2.400 V -

*** VOi-------------596.OMV 2.400 V -

*** VOH-------------592.OMV 2.400 V -

*** VOH-----------590.0#IV 2.400 V -

*** VOH-------------596.04v 2.400 V -

*** VO1-----------590.5Mv 2.400 V -

*** VOHI-------------590.OMV 2.400 V -

*** VOH-------------589.OMV 2.400 V -

*** VOH-------------591.5MV 2.400 V -

*** VOH-----------591.5MV 2.400 V -

*** VOHI-------------590.5MV 2.400 V -

**~ VOHI-------------591.5MV 2.400 V -

*** VOHI-----------602.5MV 2.400 V -

*** VOH-------------602.5MV 2.400 V -

*** VOHI-------------469.OMV 2.400 V -

*** VOHI-------------469.OMV 2.400 V -

*** VOHI-------------466.5MV 2.400 V -

VOHI------------4.345 V 2.400 V -

*** VOH2-------------325.OMV 4.000 V -

*** VO2-------------340.5MV 4.000 V -

*** VO2-------------339.5MV 4.000 V -

**: VOH2-------------347.5MV 4.000 V -

**$ VOH2 - .- - - - - -355.OMV 4.000 V -

~** VO2-----------362.OMV 4.000 V -

*** VOH2-----------369.5MV 4.000 V -

~** VOH2-----------377.OMv 4.000 V -

*** VOH2-----------367.5Mv 4.000 V -

*** VOH2-------------369.5MV 4.000 V --

*** VOH2-------------370.OMV 4.000 V -

*** VOH2-----------372.OMV 4.000 V -

*** VOH2-------------372.5MV 4.000 V -

*** VO12-----------374.OMV 4.000 V -

*** VO2-----------370.OMV 4.000 V -

S*~ VOH2-------------374.OMV 4.000 V -

*** VOH2-----------374.OMV 4.000 V -

Figure V.A.12 -Post -1500n Volt Electrical Test
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FILE UID :149 SERIAL NUMBER-
TESTED AT 25 DEG. C NO.13 ELECTRICALS
ON 27 SEP 83 AT 08;06 WITH THE 3260 TEST SYSTEM
-----------------------------------------------------------------------------------

TEST MEASURED L IM IT S
FAIL TYPE VALUE MINIMUM MAXIMUM --
-- - - --------------------------------------------------

*** VOH2-------------373.SMV 4.000 V -

*** OM2------------374.OWD 4.000 V -

*$* VOH2-------------371.OMV 4.000 V -
*** VOH2-------------372.OMV 4.000 V -

** V0H2-------------374.OMV 4.000 V -

*3* VOH2-----------373.5MV 4.000 V -

*S* VON2-----------372.OMV 4.000 V -

*$* VOH2-----------373.5MV 4.000 V -

*** VOH2-----------377.OMV 4.000 V -

*** VOH2-----------37S.OMV 4.000 V -

*** VOH2-----------273.OMV 4.000 V -
*** VO2-------------273.OMV 4.000 V -

*** VOH2-----------243.SMV 4.000 V -

VOH2----------4.490 V 4.000 V -

*S* VOLI----------4.940 V -- 400.OMV
E*~ VOLI----------4.940 V -- 400.OMV
*** VOLl------------4.940 V -- 400.OMV
*** VOLI------------4.940 V -- 400.OMV
**$ VOL1----------4.940 V -- 400.OMV
*** VOLI----------4.940 V -- 400.OMV
*** VOLl----------4.940 V -- 400.OMV
*** VOLl----------4.940 V -- 400.OMV
*** VOLI------------4.940 V -- 400.OMV
*** VOL1------------4.940 V -- 400.OMV
*** VOL1----------4.940 V -- 400.OMV
*** VOL1----------4.940 V -- 400.OMV

*** VOL1----------4.940 V -- 400.OMV
*** VOLl------------4.940 V -- 400.OMV
*** VOLl------------4.940 V -- 400.OMV
**E VOLI----------4.940 V -- 400.OMV
**S VOLl------------4.940 V -- 400.OMV
**4 VOLI----------4.940 V -- 400.OMV
*** VOL1----------4.940 V -- 400.OMV
*** VOL1----------4.940-V -- 400.OMV -

* VOLl------------4.940-V -- 101.OMV
*** VOLI------------4.940 V -- 400.OMV
**E VOLI------------4.940 V -- 400.OMV
*** VOLI----------4.940 V -- 400.OMV
*** VOL1------------4.940 V -- 400.OMV
*** VOLl----------4.940 V -- 400.OMV
*** VOLI------------4.940 V -- 400.OMV
*** VOLI----------4.940 V -- 400.OMY
*** VOLI------------4.940 V -- 400.OMV0
*** VOLI----------4.760 V -- 400.OMV

*** VOL2------------4.940 V -- 100.OMV -~** VOL2----------4.935 V -- 100.Omv
*** VOL2------------4.940 V -- 100.OMV
*** VOL2----------4.940 V -- 100.Omv -

Figure V.A.12 -Post -1500 Volt Electrical Test (Cont.)
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FILE UID :149 SERIAL NUMBER 5

TESTED AT 25 DEG. C NO.1Z ELECTRICALS
ON 27 SEP 83 AT 08:06 WITH THE 260 TEST SYSTEM

TEST MEASURED L I MIT S
FAIL TYPE VALUE MINIMUM MAXIMUM

** VOL2----------4.940 V -- 100.0MV.
*** V0L2----------4.940 V -- 100.OMV
*** VOL2----------4.940 V -- 100.OMV
** VOL2----------4.940 V -- 100.OMV
*** VOL2----------4.940 V -- 100.OMV
*** VOL2----------4.940 V -- 100.OMV
*** VOL2------------4.940 V -- 100.OIIY
*** VOL2------------4.945 V -- 100.OMV
*** V0L2----------4.950 V -- 100.OMV
*** VOL2----------4.950 V -- 100.OMV
*** VOL2------------4.945 V -- 100.OMV

h *** VOL2------------4.945 V -- 100.OMV
*** VOL2----------4.950 V -- 100.Omv
*** VOL2----------4.940 V -- 100.OMV
*** VOL2----------4.945 V -- 100.OMV
*** VOL2----------4.940 V -- 100.OMV
*** VOL2----------4.945 V -- 100.OMV
*** VOL2------------4.945 V -- 100.OMV
*** VOL2----------4.950 V -- 100.OMV
** VOL2----------4.945 V -- 100.OMV0
*** VOL2----------4.950 V -- 100.OMV
*** VOL2------------4.950 V -- 100.OMV
*** VOL2------------4.945 V -- 100.OMV
*** VOL2------------4.950 V -- 100.OMV
*** VOL2------------4.940 V -- 100.OMV
*** OL2----------4.945 V -- 100.OMV
*** VOL2----------4.490 V -- 100.OMV

IIL ------ 600.OPA -1.OOOUA 1.OOOUA
IIL ------ 150.OPA -1.OOOUA 1.OOOUA
IIL ------ 1.950NA -1.OOOUA 1.OOOUA . .

ZIL ------ 0.000 A -1.OOOUA 1.OOOUA
IIL ------ 450.OPA -1.OOOUA 1.OOOUA
IIL ------ 200.OPA -1.OOOUA 1.OOOUA
IIL ------ 1 400NA -1.OOOUA 1 OOOUA --

IL------ ----- -450.OPA -1.OO0UA 1.OOOUA
IIL ------ 350.OPA -1.OOOUA 1.OOOUA
IIL ------ 200.OPA -1.OOOUA 1.OOOUA
IIL ------ 1.300NA -1.OOOUA 1.OOOUA
IL------------600.OPA -1.OOOUA I.OOOUA
IIL ------ 400.OPA -1.OOOUA 1.OOOUA
IIL ------ 300.OPA -1.OOOUA 1.OOOUA
IIL ------ 1.300NA -1.OOOUA 1.OOOUA
IIL------------650.OPA -1.OOOUA 1.OOOUA
IL------------500.OPA -1.OOOUA 1.OOOUA
IIL ------ 250.OPA -1.OOOUA 1.OOOUA.-
IIL ------ 500.OPA -1.OOOUA 1.OOOUA
IIL ------ 0.000 A -1.OOOUA 1.OOOUA
IIL ------ 350.OPA -1.OOOUA 1.0OOUA
IlL ------ 650.OPA -1.OOOUA 1.OOOUA -

IIL ------ 2.100MA -1.OOOUA 1.OOOUA

Figure V.A.l2 -Post -1500 Volt Electrical Test (Cont.)
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FILE UID :149 SERIAL NUMBER - 5
TESTED AT 25 DEG. C NO.13 ELECTRICALS
ON 27 SEP 83 AT 08:06 WITH THE 3260 TEST SYSTEM

TEST MEASURED L I MIT S
FAIL TYPE VALUE MINIMUM MAXIMUM

**; ILL 2.100MA -1.OOOUA 1.OOOUA
** ILL 7.670MA -1.OOOUA 1.OOOUA

ILL 7.670MA -1.OOOUA 1.OOOUA0
IIL ------ 0.000 A -1.OOOUA 1.OOOUA

ILL - 00.OPA -1.OOOUA 1.0OOUA
ILL 250.OPA -1.000UA 1.OOOUA
ILL 2.200NA -1.OOOUA 1.OOOUA
ILL-----------400.OPA -1.00OUA 1.OOOUA
ILL 2.OOONA -1.OOOUA 1.OOOUA
ILL-----------350.OPA -1.OOOUA 1.OOOUA

*ILL 1.95ONA -1.OOOUA 1.000UA
IL-------------500.OPA -1.OOOUA 1.OOOUA
ILL 1.800NA -1.OOOUA l.OOOUA
IL-------------600.OPA -l.OOOUA 1.OOOUA
ILL 1.750NA -1*OOOUA 1.OOOUA
IL------------650.OPA -l.OOOUA 1.OOOUA
ILL 1.700NA -1.OOOUA 1.OOOUA
IL-------------750.OPA -1.OOOUA 1.OOOUA
ILL 1.700NA -1.OO0UA l.OOOUA
ILL-----------800.OPA -1.OOOUA 1.QOOUA
ILL 1.50ONA -1.OOOUA 1.OOOUA
ILL----------- ----O.OPA -1.OOOUA 1.OOOUA
ILL 1.400NA -lOOOUA 1.OOOUA
IL-------------1.OOONA -1.OOOUA 1.OOOUA
ILL 1.400NA -1.OOOUA 1.OOOUA
IL-------------1 10ONA -1.,OOOUA 1.OOOUA

jILL 1:30ONA -1.OOOUA 1.OOOUA
IIL------------1.200NA -l.OOOUA 1.OOOUA
ILL 1.300NA -I.OOOUA 1.OOOUA
ILL-----------1.250NA -1.OOOUA I.OOOUA
ILL 1.200NA -1.000UA 1.OOOUA
ILL--------- - .200NA -1.OOOUA 1.OOOUA
ILL 1.25ONA -1.00OUA 1.000UA
IL-------------1.20ONA -1.OOOUA 1.OOOUAIILL 1.200NA -1.OOOUA 1.OOOUA
IL-------------1.200NA -1.0OUA 1.OOOUA
ILL 1.200NA -1.OOOUA 1.OOOUA
IL-------------1.400NA -1.OOOUA 1.OOOUA
ILL 1.600NA -1.OOOUA 1.OOOUA
ILL--------- --- .45ONA -1.OOOUA 1.OOOUA
ILL 1.1OONA -1.OOOUA 1.OOOUA
ILL--------------1.450NA -1.OOOUA 1.OOOUA
ILL 1.200NA -1.OOOUA l.OOOUA
ILL--------------1.750NA -1.OOOUA 1.OOOUA0
ILL 1.15ONA -1.OOOUA 1.OOOUA
IL-------------1.75ONA -l.000UA 1600OUA.
ILL 1.150NA -1.0OOUA 1.OOOUA
ILL-----------3.100NA -1.OOOUA 1.OOOUA
ILL 1.15ONA -1.OOOUA 1.OOOUA
ILL-----------1.685MA -1.OOOUA 1.00OUA
ILL 1.105MA -1.OOOUA 1.OOOUA

Figure V.A.12 -Post -150n volt Electrical Test (Cont.)
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FILE uzo :149 SERIAL NUMBER - 5

TESTED AT 25 DEG. C NO.13 ELECTRICALS
ON 27 SEP 63 AT 08:06 WIT14 THE 3260 TEST SYSTEM

TEST MEASURED L I MIT S
FAIL TYPE VALUE MINIMUM MAXIMUM

IOL ------ 550.OPA -1.OOOUA 1.OOOUA
IOL ------ 2.55ONA -1.OOOUA 1.OOOUA
IOL----------------200.OPA -1.OOOUA 1.OOOUA
IOL ------ 2.25ONA -1.OOOUA 1.OOOUA
IOL--------------300.OPA -1.OOOUA 1.OOOUA
IOL ------ 2.15ONA -1.OOOUA 1.OOOUA

IOL--------------400.OPA -l.OOOUA 1.OOOUA
IOL ------ 2.OOONA -1.OOOUA 1.OOOUA
IOL--------------550.OPA -l.OOOUA I.OOOUA
IOL - .90ONA -I.OOOUA 1.OOOUA
IOL--------------700.OPA -1.OOOUA 1.OOOUA
IOL ------ 1 750NA -1 OOOUA I.OOOUA

0 JOL--------------800PA -1.OOOUA 1.OOOUA
IOL ------ 1.600NA -1.OOOUA 1.OOOUA
IOL--------------1.OOONA -l.OOOUA 1.OOOUA
IOL - -- I40ONA -1.OOOUA 1.OOOUA
IOL----------------1600NA -l.OOOUA 1.OOOUA
IOL ------ 2.100NA -1.OOOUA 1.OOOUA

ZOL----------------1.300NA -1.OOOUA 1.OOOUA
IOL - .900NA -l.OOOUA i.OOOUAwiIOL----------------950.OPA -1.OOOUA 1.OOOUA
IOL - .600NA -1.OOOUA 1.OOOUA
IOL----------------500.OPA -l.OOOUA l.OOOUA
IOL ------ 1.200NA -1.OOOUA 1.OOOUA
IOL----------------400-OPA -l.OOOUA 1.OOOUA
IOL ------ 1.250NA -1.OOOUA 1.OOOUA
IOL--------------600.OPA -1.OOOUA l.OOOUA
IOL - -- I50ONA -1.OOOUA I.OOOUAi IOL----------------950.OPA -1.OOOUA 1,OOOUA
IOL ------ 1.950NA -1.OOOUA 1.OOOUA

IOL--------------- - .350NA -1.OOOUA i.OOOUA
IOL ------ 2.O5ONA -1.OOOUA 1.OOOUA

Figure V.A.12 -Post -1500Q Volt Electrical Test (Cont.)
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Number of Failures aL AIn Locations

15 2 14 -250

15 3 15 2+500

15 2 3 15 3 -500

15 3 5 15 5 ___0

15 15 15 15 15 is_ __ _ is_ ___-750__

Figure V.A.13 -CD Stress, Cumulative Leakage Current Failures
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d vss0

PIN 4

7 vc

*. S

Figure V.A.14 -Pin 4 Tnput

vss

___ PIN 11

Figure V.A V Pin 11 Input
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vs

Figure V.A.16 -Pin 7 Input

Figure V.A.17 -Pin 8 Inptt
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Figue V..20 in 9Inpu
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0

~ 1L4

~~P PIN4 [i

Figure V.A.21 - CD Stress, Pin 4 Input Polysilicon Damage

*Figure V.A.22 - CD Stress, SEM Micrograph of Pin 4 Polysilicon at Diode

Metalization Contact
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Figure V.A.23 -CD Stress, Pin 11 Input Polysilicon Damage

44

4" A4
Figure V.A.24 -CD Stress, SEM Micrograph of Pin 11 Input Polysilicon.
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0

40

Figure V.A.25 -CD Stress, Pin 8 Input Polysilicon Damage

'lob

Figure V.A.26 -CP Stress, SFM Micrograph of Pin F Input Polysilicon Damage *
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w -

Figure V.A.2 CD Stress, SEM Micrograph of Pin 7 Input Polysilicon. Damage
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PIN 8

Figure V.A.29 -CD Stresr, SEV Micrograph of Pin F Input "olviySicof 1a

Figure V.A.30' CD) Stress, Pin 1t) Breakdown Site from Metallization to

sil icon
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-- 0

* PIN 30

6 1 0

Figure V.A.32 -CD Stress, SFN Micrograph of Pin 3 Polysilicon Damage
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I S

PIN 9 -

Figure V.A.33 CD Stress, SEM Micrograph of Pin 9 Polysilicon Damage

Number of Failures at Pin Loeationsi 0

0
+250!• .. .

-250

11 +500

____ ___-500

, [ p i i r ,+7'0

12 -1 1 750

15 __I +1000
1 5 1 2 -10o.

2 .151 1 1 2 +12 W
UT
i0 15 1 41 1 -125()

15 15 1 1 1 1 s +1500

15 1 2 15 3 1 1 1 1 1

Figure V.A.34 - PBD Stress, Cumulative Leakage Failure 0
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Serial Number

S slight damage

S _ _ _ _ _ S i

N ND ND ND NDl 0 ND ND _ _ __9

S S S 0 pn1

Figure V.A.35 - BD Stress, Damage Summary
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l S

Figure V.A.3 6 -BD Stress, Pin Input t io Pol silicon Damage

-0



0

Figure V.A.38 PBP Stress, Pin 4 Input polysilicon Damage

PIN 7

tS

Figure V.A.3q PBD Stress, Pin 7 Input Polysilicon Damnage



PN10

'-4

Figure V.A.40 -HBD Stress, Pin In Input Polysilicon DamageS

PIN 1 1

*4

'I 4

Figure V.A.41 -HPDP Stres.,s, Pinj 11 npult PlyI icon Daniape
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0

*Figure V.A.42 -HBD Stress, Pin 11 Input Polysilicon Damage

0
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B. Part B Analysis

This device is a IK x 8-bit static RAM manufactured using an advanced

NMOS process. The metallization and polysilicon linewidths are 3 microns. S

There is one polysilicon layer and one metallization layer. This was in a

24-pin dual-in-line ceramic package. An overall die photo is shown in

Figure V.B.I. VCC is pin 24 at the top of Figure V.B.l and VSS is pin 12

at the bottom. VCC and VSS are distributed via aluminum metallization

across the die. The distribution pattern was noted for future reference to

use during geometric sensitivity analysis. The VCC bond pad is shown in S
Figure V.B.2. The metallization connects to numerous n+ source
diffusions. No points were found where it connected to polysilicon gates.

The VSS metallization pad is shown in Figure V.B.3. The multi-contact

metallization directly below the pad is part of the input protection
network for pin 13. The ground metallization connects to numerous n+

source diffusions. This metallization does not connect to polysilicon. S
Between pins I and 2 is a bond pad (substrate bias generator) which has a

wire connected from it to the substrate (Figure V.B.4). This connection

does not come to the outside. The bond pad is connected to polysilicon

which runs along the outside edge of the die and is also connected to the

silicon die substrate. An input circuit is shown in Figure V.B.5. The

bond pad metallization makes contact to an n+ diffusion and then continues S
on as a thick oxide gate between that n+ diffusion and an n+ diffusion

which is connected to VSS or VCC. Pins 1-4 and 21-23 go to VSS and pins

*5-8 and 18-20 go to VCC. The resistor travels about halfway around the pad

and connects to an n+ source diffusion. Above a portion of this resistor
is a polysilicon stripe which is connected back to the substrate. A

schematic representation is shown in Figure V.B.6. The resistor measured S
650 ohms. The gate dielectric failed at 45 VDC. The input resistor to

substrate breakdown voltage was 22 VDC. This is the same as the transistor

junction breakdown.

A second input protection circuit is shown in Figure V.B.7. This is

connected to pin 8 and is located along the edge of the die away from the .
bond pad. The components are labeled.

One of the combination input-output pins is shown in Figure V.B.8. The

input section is identical to the inputs discussed previously and the

output schematic is shown in Figure V.B.9. Pin 13 has its input protect

transistor going to VSS and pins 9-11 and 14-17 go to VCC.

Microsections were performed to examine the construction of the protect

network. Figure V.B.l shows an input with an area marked where a

cross-section was performed. The cross-section is below the photograph.

The polysilicon was approximately 0.6 microns thick, the metallization was

1.0 microns thick, and the diffusion depth was about 0.5 microns. The S
thick oxide areas beneath the polysilicon were approximately 1.0 microns

thick. The gate oxide thickness was not discernible in this microsection.

Two photographs of a microsection are shown in Figure V.B.1".
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0

Electrical Testing

A sample of the electrical data taken on each of the stressed parts and

the control part at each iteration during the testing is shown in Figures 0

V.B.12 and V.B.13. Figure V.B.12 shows the initial readings on serial

number 9 and Figure V.B.13 shows the readings after the -2000 volt stress.

The data in/data out pins were measured for VOH, VOL, and IOL. The

IOL reading was taken with the outputs in the high impedance
configuration. This reading was influenced by the condition of the inputs

during the latter stages of the stress due to the outputs not being fully S

disabled. The VOH and VOL measurements indicated that the outputs

could be forced to a given state. Note that the limits were not correct on

the initial readings. They should be as shown in Figure V.B.13. This

testing also provided a functional check of the following. The control

lines (OE, WE, and CE) and the I/O bus were completely tested. In the

memory cell matrix only address 000 was written and read as l's and 0's. S

The IIL reading provided leakage measurements on each of the address

lines. This was measured with the input at 5 volts and did provide data

which indicated the gradual damage being done to the input circuits. These

data were supplemented by curve tracer data taken after the stresses at 500

volts, 1000 volts, 1500 volts, and 2000 volts. The voltage level at a 0

current reading of 25 microamps was recorded for each of the pins. The

pins were taken positive with respect to VSS.

Charged Device Data Analysis

The fifteen devices, S/N 17-31, proceeded through the -500 volt stress 0

level with no device functional failures. No evidence of output leakage

occurred, however, there was low level leakage evident on input pins as

will be discussed. The maximum leakage was 21.8 nanoamps after the -500
volt stress. After the +750 volt stress there were eight devices with

functional failures. These were S/N 17, 18, 20, 21, 22, 27, 28, and 30.

The failure mode was an inability of the part to force the outputs to VOH

or VOL at the proper times. There was no increase in output leakage

currents. The maximum input leakage current was 1.2 microamps.

Following the -750 volt stress there were no new failures except for 1

device which failed I VOH measurement.

Following the +1000 volt stress the remaining 7 devices failed

functionally. Failures for VOH, VOL, and IOL occurred. Leakage

currents up to the maximum forced by the automatic test equipment (1.024

milliamps) occurred.

The data and the devices were analyzed to understand the failure modes S

and the sensitivity variations. The average of the input leakage currents

were calculated for the stress levels up through +750 volts. These are

shown in Figure V.B.14. The last column shows the maximum leakage current - -
level measured at each voltage level. There is an increase in leakage

current following each level of positive voltage stress and a slight

decrease in leakage following the negative voltage stresses. The 0
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Human Body Discharge Data Analysis

Device serial numbers 2 through 16 were stressed with the human body
ESD simulation test method. S

These parts went through -1250 volts of stress with no parametric or

functional failures. Following the stress at +1500 volts there were 2
* parts with input current leakage failures, this increased to 7 parts

following the +1750 volt stress, and to 14 parts following the +2000 volt
stress. As was seen for the charged device model, the negative stress did 0
not have much of an effect on the leakage failures.

After the +2000 volt stress 6 devices had IOL failures. The output
transistors were not in the fully disabled state. There were still no
functional failures. Serial number 7 was pulled for failure analysis. The

-2000 volt stress did affect the parts. This indicates that the magnitude S
was more important than the polarity at this level. Functional failures
occurred on 5 of the remaining 14 devices. All devices exhibited IIL
failures and 8 exhibited IOL failures. The stress testing was stopped at

this point.

A summary of the leakage current after 0 volts, +500 volts, +1000 S
volts, and +1500 volts is given in Figure V.B.26. The two inputs with the
long metallization runs had a decreased sensitivity to stress. This was
likely due to a reduction in the voltage level reaching the input resistor
due to the parasitic capacitance and inductance of the metallization.

Pin 5 was the most sensitive to HBD stress. It was also the most
sensitive to CD stress. The failures on it caused silicon damage in the
necked down portion of the protect resistors. This is apparently a less
tolerant system to stress than the other resistor layouts. The reason for
the increased sensitivity of pin 4 is not evident, and it may not be
significant since it has a very low leakage level at +1000 volts and was

higher only after the + 1500 volt stress. 0

The increase in leakage current is shown in a different manner in
Figure V.B.27. This shows the maximum leakage current at each voltage
level and the serial number and pin association. This shows the leakage
level increase after each positive stress and the high level of the leakage
at the end of the stressin .

Failure analysis was performed on serial numbers 4, 7, 9 and 11. It
was found that the location of the breakdown site could be determined by
applying power to the part with liquid crystal (MBBA) on the device. The
polysilicon on the resistor would appear to show movement within the liquid
crystal when viewed under crossed polarizers depending upon the location of 0
the failure. About half of the leaky pins were shorted to the
polysilicon. Visually all of the first contact points between
metallization and the input resistor showed some damage. The polysilicon
shorts were not visible. The enable transistor gate oxides were not
checked on these devices. The analysis only identified shorts that went to
VCC, VSS, or Substrate.
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The appearance seen is shown on serial number 4 in Figures V.B.28 -

V.B.31. Figure V.B.28 shows pin 5 which was the most sensitive to leakage
increase. Figure V.B.29 shows pin 22 which is layout style number 1.

Figure V.B.30 shows pin 21 which is layout style number 2. Figure V.B.31

shows pin 20 and the adjacent input protect resistor which is not connected

to any pin. The damage on pin 20 can be compared with the undamaged

resistor.

Output pins did not exhibit any visible damage and electrical

measurement found no increase in leakage current. The parametric failures

on the output pins were due to the output transistors not being fully 0
disabled because of other circuit problems.

The human body discharge stress found results similar to the charged
device model stress. Inputs were susceptible to the stress and outputs
were not. Pin 5 was the most sensitive to increases in low level leakage

current with stress. The level at which parts exhibited functional failure
was rel-tively high, -2000 volts. The major difference in sensitivity was

the fact that the long metallization stripes orior to the protect circuits
decreased sensitivity to the human body disch. rge stress and had no
apparent effect upon the charged device stress.

This analysis indicates that one of the principle failure modes was

shorting to the substrate polysilicon stripe. Removal of this polysilicon
or an increase in the oxide thickness would likely produce a more tolerant
system. The second failure mode, current leakage to an adjacent n+
diffusion, could be made less likely by increasing the spacing between the

two n+ diffusions or by keeping corners farther apart. -
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Figure V.T3.1 -Overall Die Photograph0
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0 S

Figure V.B.2 -VCC Bond Pad and Connections

0 0

0 SS

Fi mire V.B.3 -VSS Bond Pad and Connections
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- . Figure V.B.4 - Substrate Bias Generator Pad
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Fipure V.B.9 Pin 23 Tnput
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lvss

Figure V.B.7 -Pin 8 Input

0
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~ ~ . ~ ' v c d

01 VSS

r Q

PN PIN i -

Figure V.B.8 -Pin 15 with Output Components Labeled.

vcc

IQI

BON 0-PA

0 S

Fivuire V.B.9 -Oitput Schematic
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MARTIN MARIETTA AEROSPACE -- DENVER DIVISION -- PARTS EVALUATION LAB

FILE UID :150 SERIAL NUMBER - 96
TESTED AT 25 DEG. C INITIAL ELECTRICAL TEST
ON 13 JUN 83 AT 12:17:1? WITH THE 3260 TEST SYSTEM

TEST MEASURED L I MIT S
FAIL TYPE VALUE MINIMUM MAXIMUM

VON ------ 3.900 V 2.400 V -

VON ------ 3.9105V 2.400 V
VON ------ 3.905 V 2.400 V
VON ------ 3.90V 2.400 V
VON ----- 3.895 V 2.400 V
VON ---H 3.90V 2.400 V
VON - - - - - 3.895 V 2.400 V

VOL ------- 3.890MV 2.40 V 0.

VOL ------ 73.50MV -- 400.OMV
VOL ------ 71.50MV -- 400.OMV
VOL ------ 71.OOMV -- 400.OMV
VOL ------ 72.5OMV -- 400.OMV

VOL ------- 72.OOMV -- 400.OMV
VOL ------ 72.50MV -- 400.OMV
VOL ----- 75.OOMV -- 400.OMV

ICCI------------40.OOMA -- 125.OMA

IIL ------ 1.200NA -200.OUA
IIL - - 50.OPA -200.OUA -

IIL ------ 1.OOONA -200.OUA -

IIL ------ 550.OPA -200.OUA -

IlL ------ 500.OPA -200.OUA -

IIL ------ 550. OPA -200.OUA -

IIL ------ 400.OPA -200.OUA -

IIL ------ 450.OPA -20O.OUA
IIL ------ 500.OPA -200.OUA
IIL ------ 500.OPA -200.OUA

IOL ------ 1.OOONA -10.OOUA 10.OOUA
ZOL ------ 650.0PA -10.OOUA 10-OOUA
IOL ------ 500.OPA -1O.OOUA 10.OOUA
IOL ----- 600.OPA -10.O0UA 10.OOUA
IOL ------ 650.OPA -10.OOUA 10OOUA
IOL -600.OPA -10.OOUA 10.OOUA
IOL -- - - - 500.OPA -10.OOUA 1O.OOUA
IOL ------ 650OPA -10.OOUA l0.OOUA

TEST RUNTIME IS 8 SECONDS
PRINT /DISPLAY TIME IS 26 SECONDS

Figure V.B.12 - nitial Electrical Readings
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MARTIN MARIETTA AEROSPACE -- DENVER DIVISION -- PARTS EVALUATION LAR

FILE UID :150 SERIAL NUMBER - 9
TESTED AT 25 DEG. C RE-RUN WITH CHANGED LIMITS 18OCT83
ON 18 OCT 83 AT 09:44:36 WITH THE 32.60 TEST SYSTEMS

TEST MEASURED L I M I T S
FAIL TYPE VALUE MINIMUM MAXIMUM

VOH ------ 3.865 V 2.400 V -

VON 3.345 V 2.400 V -

VON 3.865 V 2.400 V -

VOH ------ 3.865 V 2.400 V -

VOH ------ 3.905 V 2.400 V
VON 3.900 V 2.400 V -

VON 3.900 V 2.400 V
VON 3.905 V 2.400 V

VOL ------ 74.0OMV -- 400.OMV
VOL ------ 207.OMV - 400.OMV

*VOL ------ 71.OOMV -- 400OMV
VOL ------ 84.5OMV - 400.OMV
VOL ------ 71.5OMV - 400.OMV
VOL ------ 72.5OMV -- 400.0MV
VOL ------ 73.O0MV - 400.OMV
VOL ------ 74.5OMV - 400.OMV

ICCi-------------4.50MA -- 120.OMA

IIL ------ 1O.6ONA -10.OOUA 10.OOUA

IIL ------ 10.O5NA -10.OOUA 10.OOUfA
IIL ------ 17.45NA -10.OOUA 10.OOUA
IlL ------ 22.5OUA -10.O0UA 10.OOUA
IlL ------ 7.350NA -l0.OOUA 10.O0UA
IlL ------ 4.OOONA -1O.OOUA 10.OOUA
IlL ------ 4,530UA -10.0OUA 10.OOUA
IlL -l -- 186SUA -10.OOUA 10,OOUA
IlL ------ 200.ZNA -10.00UA 10.OOUA
IlL ------ 36.8SNA -10.O0UA 10.OOUA

IOL - --- .73OUA -50.OOUA 50.OOUA
IOL ------ 1.024MA -50.OOUA S1 0LA
JOL - -- 5. 460tJA -5O.OOUA 50.OO000A
IOL - -- '-080UJA -5O0.OOUA 50.OOUA
IOL ------ 3.91OUA -510.OUA 50.OOUA
IOL ------ 4.77OUIA -50.OOUA 50.OOUA0
IOL - .100UA -50.OOUA 50.OOUA
IOL - --- .1ISUA -SO.OOUA S0.C'CUA

TEST RUNTIME IS 8 SECONDS
PRINT /DISPLAY TIME IS 26 SECONDiS

Figure V.BA3 - Post -2)n Volt Electrical Readings
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Substrate

BOND T.IPAD F
A.Metal

run
length

Lq0

B.VCC or VSS
connect ion

Layout Style

input
resistor

Point B.

00 0 R7J0

1.2. 3.4.

Figue vB.14A -Layout Variations and Input Schematic

80



:1 a a --.
I* 1. * a m 0. 0. 0A

4-1 "A .fk-- M . - - *

00

z t. .7

Figure V.B.15 inu Pins 1 Inut



U41

4

H ~ 5 1

Fiur V-.1 Inp- Pin 4,5an

PI,:s P

ycc~. - =-~--.8

Figure V.B. 17 Inputitr o Pins and 

- .82



A SS

lit i U fl UU ti

Figure V. B. 19 -Input Pins 7, 8 and 9

:ZS

* --. - ,. - ,n ~- -

* ltUJ it -2
*IUUft 22

0 -
J;,

FiureU S nl~ V.B2- *nu P ~is .22 an-2

835



0

0 Figure V.B.2? CD) Stress, Pin 22 Input Damage
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Figure V.B.23 -CD Stress, Pin 4 Input Damage
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Figure V.B.24 -CD Stress, Pin 3 Input Damage
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r' I .9 A 5 7 1o

3.nj1231+250

-2502

6.4nAl 15 23 -250

'812nA! 158. 2 Ii3+500

6nA15 23 -500

73nA 5 1 +750

70nA 5 5 - 1 -750

270nA 15 j +1000

i277nA 15 5 -1000 -

i340riA 11 3 +1250

;369nA ___ 11 3 -1250 ..

15uA' • 7 22 , +1500

1l5uA 7 22 _ -1500 j
2luA it 23 +1750

120uA : 11 _ 23 i -1750

692uA 12+2000

1756uA 2 -2000

Figure V.B.27 - HD Stress, Maximum Leakage Current at each Stress Level S
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Figure V.B.2 - HD Stress, Pin 72 nput Daage
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C. Part C Analysis

This device is an octal D-type transparent latch manufactured using

Advanced Low-Power Schottky (ALS) processing. This utilizes an 6

oxide-isolated, ion-implanted process.

There are two layers of metallization. The top layer is primarily the

VCC and VSS interconnects. This part was in a 20-pin dual-in-line ceramic

package. An overall die photo is shown in Figure V.C.l. VCC is pin 20 at

the top of the figure and VSS is pin 10 at the bottom. 0

The VCC pin is shown in Figure V.C.2. It has two bond wires and the
metallization exits from it and goes to numerous points, primarily pull-up
resistors.

The ground pin is shown in Figure V.C.3 and it also has two bond S
wires. The metallization is connected to diodes and to the emitter of

numerous transistors.

The 8 latch input pins are along the left side of the die. These are

identical except for longer metallization runs on pins 2, 3, 8 and 9. A

typical input is shown in Figure V.C.4. The components are labeled and .

correspond to the schematic in Figure V.C.5. The inputs on pins I and 11
are a different layout than the other eight. The schematics are
essentially the same.

The reverse bias junction breakdowns of DI and Ql base-emitter and Ql -

base-collector were all 28 volts. The NPN transistor was characterized and

had a base-emitter breakdown of 7 volts and a base-collector breakdown of
30 volts. Other component configurations were electrically characterized
to aid in the failure isolation. It was difficult to determine visually

the different junction contacts, however, by characterizing the test
structures the components could be more easily recognized....

The eight outputs are along the right hand side of Figure V.C.I and one
of these is shown in Figure V.C.6. This is a standard output stage as
shown in Figure V.C.7.

The output layouts are identical except for longer metallization runs to
pins 12, 13, 18 and 19. 0

Microsections were performed to examine the structures utilized.

Figure V.C.8 shows a microsection through an input structure. The
components are labeled the same way as in Figure V.C.4. A second
microsection is shown in Figure V.C.9. This was etched for a shorter time
and the diffusion depths are more readily measurable. The dimensions

measured include: epitaxial thickness = 7 microns, p-diffusion = 4
microns, n-type layer = 1 micron, shallow p-diffusion 0.5 microns,

dielectric between metallization layers = 0.5 microns, dielectric between
metallization and silicon = 0.5 to 1.5 microns.
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Electrical Testing

A sample of the electrical data taken on each of the stressed parts and

the control part at each iteration during the testing is shown in Figures o
V.C.I0 and V.C.Il. Figure V.C.l0 shows the initial readings on serial
number 3 and Figure V.C.II shows the readings after the +1000 volt stress.

The input pins were measured for I,, liH, IIL and VIK. The
first three measurements are input current measurements taken at 7.0 volts,
2.7 volts, and 0.4 volts respectively. The VIK measurement verifies the

presence of a reverse bias protection diode at each input.

The output pins were measured for VOH, VOL, Io, IOZH and

IOZL . These measurements verified proper functional operation of the
outputs in their normal operating mode and in their high impedance mode.

A functional verification of the output control pin was included, 9
however, the enable pin was not placed in the low state (disabled
condition).

Charged Device Data Analysis

Serial numbers 17-31 were stressed with the charged device simulation

model. A summary of the pins which failed the IIH or I, measurements
and the point at which they failed is shown in Figure V.C.12. These data

indicate that the parts are more susceptible to a negative stress than a

positive stress and that there is a significant difference in sensitivity
between pins. -

The leakage currents seen on a single device, serial number 17, are
shown in Figure V.C.13. The leakage currents go from low nanoamp readings
to microamp readings. This size of change is different than was seen on
the bipolar input protect circuitry on the MOS devices, which degraded

slowly through the nanoamp region. -

No functional failures occurred during this testing. The inputs were -

removed from stress as soon as they exceeded the 20 microamp
specification. This leakage current level was enough to provide
sensitivity information without creating excessive damage to the part.

The input pin layouts are shown in Figures V.C.14 through 18. Figure
V.C.14 shows pin 1 and Figure V.C.15 shows pin II. These inputs have

similar layouts. The junction which became leaky was the base/collector
and this is labeled. This is the standard PNP input with the base
connected to the input pin and the collector connected to ground.

Pins 2 through 9 have the same input schematic and layout with the only S
difference being the length of the metallization connecting the bond pad to
the base.
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The layout of pin 2 is the same as pin 9 and the layout of pin 3 is the
same as pin 8. These are shown in Figures V.C.16 and V.C.17.

Pins 4 through 7 have identical layouts and are as shown in Figure

* V.C.18.

Visual inspection found no apparent damage on the inputs which had
excessive leakage current. Various failure analysis techniques were used
to locate the failures. Input to ground electrical measurements found that

the damage on pins 1 and 11 created leakage at low voltage levels, i.e. 10 0
microamps at 0.2 volts. The damage on pins 2 through 9 created leakage at
a higher voltage level, i.e. 10 microamps at 2.0 volts. Inputs 1 and 11

developed degraded base/collector junctions while inputs 2 through 9
developed degraded DI diodes (reference Figure V.C.5).

One device was chemically stripped and examined. No damage was visible

on the die surface. The part was stained with sirtl etch and examined. No
damage was visible. Current was forced through the damaged junctions on a

second device, serial number 18, with liquid crystal on the part. The
locations of the failures were evident. The die surface was then washed to

remove the liquid crystal and higher current (50 mA) was forced through the
failure sites to make the damaged area visible for documentation. The 0
damage produced was at the leakage current sites and made the damage much
worse than was caused by the ESD stress.

Input pin 11 is shown in Figure V.C.19. This was typical of the

location of the failures which occurred on pins I and 11. Input pin 7 is

shown in Figure V.C.20. The location is typical of the location of the .

failures which occurred on pins 2 through 9.

With an understanding of the physical layout and the failure modes a

better understanding of the variation in pin sensitivity is possible. The
stress which created the major leakage on these parts was the negative --- "

voltage. This is due to the fact that this polarity produced a reverse
bias stress on the input junction. The device is charged negative and then
discharges out of the pin which is connected for stress. The pin is the

cathode connection and the rest of the part which is charged negative is

the anode connection, thus the reverse bias stress. Note that this is
opposite of that which occurs for the human body discharge failure mode.

In Figure V.C.12 the -750 volt stress level appears to be the best

point at which to analyze the data since all parts were still in stress and

all but four of the pins were damaged.

Pins 1 and 11 are not very susceptible to damage. The base/collector

junction is much more tolerant of ESD stress than the Schottky diode. Pins 9
2, 3, 8 and 9 are much less susceptibe to damage than pins 4, 5, 6 and 7.
This is due to the longer metallization in series with the discharge path.

Two changes could decrease the input sensitivity; 1. Place the Schottky
diodes (Dl) on the opposite side of the input structure from the base

contact, 2. Increase the metallization length between the bond pad and the
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base contact. The first change appears to be a practical method for

reduced sensitivity. The second change may require excessive chip real
estate and some loss in speed, however, it could also be incorporated with
little change in the manufacturing of the device.

Human Body Discharge Data Analysis

Device serial numbers 2 through 16 were stressed with the human body
ESD simulation test method. A summary of the pins which failed IIH or

I, measurements and the point at which they failed is shown in Figure
V.C.21. These data indicate that the parts are more susceptible to a

positive stress than a negative stress.

The leakage currents seen on a single device, serial number 3, are

shown in Figure V.C.22. These leakage currents go from low nanoamp
readings to microamp readings. This is the same type of change as that -i
experienced by the charged device parts.

No functional failures occurred during this testing. This is due to

the inputs being removed from stress when they reached 20 microamps. The
sensitivity of the devices to the positive stress is due to the input being

an n-type diffusion. The reverse biased input junction is much more
susceptible to stress than a forward biased junction.

Visual inspection was performed on each of the 15 parts. There was no
visible damage. One device was sequentially stripped and examined and no
damage was visible. Serial number 8 was then examined with liquid crystal

and the failure locations were found to be the same as seen for the charged
device group. Examples of two of these inputs are shown in Figures V.C.23
and V.C.24. The failure sites were accentuated by forcing current through

them.

The major factor that affects the sensitivity of the various inputs is

the type of diffusion that is adjacent to the input base contact. Pins 1
and 11 have the collector adjacent to the base and these were the least

sensitive. This remains true up to the final stress with the exception of
pin 9 which is very insensitive to damage. No physical reason was found

*for this.

The two groups of parts were found to fail with the same failure mode
and with similar layout sensitivity. The HBD stress created earlier
leakage current failures than the CD stress but the CD parts all had failed ",:.

at a lower voltage.
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MARTIN MARIETTA AEROSPACE -- DENVER DIVISION -- PARTS EVALUATION LAB

FILE UID :147 SERIAL NUMBER - 3
ES1ED AT 25 DEG. C NO. 1 ELECTRICAL

ON 30 JUN 83 AT 08:16:51 WITH THE 3260 TEST SYSTEM

TEST MEASURED LIMITS
FAtL TYPE VALUE MINIMUM MAXIMUM

VOH 2.935 V 2.400 V -- S
VOH 2.935 V 2,400 V --
VOH 2.935 V 2.400 V --
VOH 2.930 V 2.400 V --
VOH 2.935 V 2.400 V --
VOH 2.930 V 2.400 V --
VOH 2.930 V 2.400 V --
VOH 2.930 V 2.400 V --

VOL 274.5MV -- 400.OMV
VOL - - 272.5MV -- 400.OMV
VOL 268.OMV -- 400.OMV
VOL 267.5MV -- 400.OMV
VOL 268.5MV -- 400.OMV
VOL 294.0MY -- 400.OMV
VOL 274.OMV -- 400OMV
VOL 272.5MV -- 400.OMV

VIK ------ -925.OMV -1.500 V --
VIK ------ -925.OMV -1.500 V --
VIK ------- -920.OMV -1.500 V --
VIK ------ -920.OMV -1.500 V --
VIK ------ -920.OMV -1.500 V --

VIK ------ -920.OMV -1.500 V --
VIK ------ -925.O0V -1.500 V --

VIK ------ -925.OMV -1.500 V --

fiN 2. 6SONA -- ..0.OOUA -" -' i ~
IIH 1650NA -- 20.OOUA

IIH~~~~~~- - - - ..5N -. 0(1^

IIH 1,450NA -- 20.OOUA
IIH 1.350NA -- 20.OOUA
IIH 1.400NA -- 20.OOUA
IIH 1.300NA -- 20.OOIA -1
IIH 1.350NA -- 20.OOUA
IIH 1.400NA -- 20.OOUA

IIL ------ -40.50UA -200.OUA --
IIL ------ -40.OOLIA -200.OUA --
IIL ------ -41.OOUA -200.OUA --
IIL ------ -40.50UA -200.OUA --
IIL ------ -42 UA -200.OUA --
IIL ------ -41.50UA -200.OUA --
IIL ------ -40.OOUA -200.0UA --
IIL ------ -40.OOUA -200.OUA ..

I0 -35.90MA -120.OMA -20.OOMA
10 -36.30MA -120.OMA -20.O0MA
IO -36.30MA -120.OMA -20.OOMA
IO -36.50MA -120.OMA -?o.0o;IA

Figure V.C.1n - Initial Electrical Measurements

100

. . . . . .. .



FILE UID :147 SERIAL NUMB4ER - 3

IESTEr' AT 25 BEG. C NO. 1 ELECTRICAL
ON 30 JUN 83 AT 08:17:20 WITH THE 3260 TEST SYSTEM

TEST MEASURED L I M I T S
FAIL TYPE VALUE MINIMUM MAXIMUM

I0 ---D -36.25MA -120.OMA -20.OOMA
I0 ---D -35.2OMA -120.OMA -20.OOMA
10 --- -36.05MA -120.OMA -20-OOMA
10 ------ -36.25MA -120.OMA -20.OOMA

ICCH------------------1.1MA -- 14.00IA

ICCL-----------------1705MA -- 22.001A

ICCZ-----------------18.5MA -24.*OOPIA

IOZH-----------------4.350NA -- 20.OOUA
IOZH-----------------3.50NA -- 20.*OOUA
IOZH-----------------3.75NA -- 20.O OUA
IOZH-----------------3.1NA -- 20.*OOUA
IOZH-----------------3.ONA -- 20.OO0UA
rOZH-----------------2.950NA -- 20.0OUA
IOZH-----------------3.200NA -- 20.OOUA
IOZH-----------------3.050NA -- 20.OOUA

IOZL-----------------1.750NA -20. 00U.A -

I07L-----------------1.700NA -20.OOUA -

IOZL------------ - - -900NA -20.OOUA -

IOZL-----------------1.95ONA -20.OOUA -

IOZL.-----------------2.15ONA -20.OOUA -

IOZL--------------.950NA -20.OOUA -

IOZL-----------------2.200NA -20.OOUA -

IOZL-----------------2.15ONA -20.OOUA -

1I --- 7.100NA -- 100.OUA
II - - --- - 4,650NA -- 100, OLIA
II ------ 4.OOONA -- 100.OV'A
II ------ 3. 500NA -- 100.OIJA
II ------ 3.OOONA -- 100.OUA
II - - - - - - 3.OOONA -- 100.01.1A
II ------ 3.OOONA -- 100.OUA

1I --- 21900NA -- 100.O0A

TEST RUNTIME IS 11 SECONDS
PRINT /DISPLAY TIME IS 53 SECOND'S

Figure V.C.1() -Initial Electrical Measurements (cont.)
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Number of Failures at Pin Locations

1 2 3 1 Voltage :•[i'-:

i ~+250..•.

-250

+500

+50 0

3 1 +750

1 2 6 6 9 5 2 1 -750

1 1 3 7 8 9 6 2 2 1 3 +1000

2 6 812 1 7 9 3 11 15 -1000

Figure V.C.12 - CD Stress, Cumulative Leakage Failures

Leakage Current b Pin Number -nA e......

1 2 3 4 5 6 7 8 9 11 Voltage

- 2.1 1.3 0.8 0.7 0.6 0.6 0.4 0.5 - 0
2.4 1.31 1.1 0.7 0.6 0.6 0.6 0.6 - +250

- 2.1 1.2 1.0 0.7 0.6 0.7 0.6 0.6 - -250

- 2.4 1.4. 1.1 1.0 0.7 1.0 1.0 0.1 - +500

o 27 1 71 1.0 1.0 0.9 1.0 0.8 -500•0.81 2.7 1.7 1 1.2 1. 1'--. '1.,--0

4 21 2.8 2.5' 2.5 1.0uA 4.1 1.4'11 luA 6.7, 0.6 +750

4.2. 2.3 2.0j 2.2'1.OuA 1SuA 0.6 28uA 7.21 1.0 -750

4.01 2.6 2.4 2.5 1.OuA 19uA 0.51 IluA 6.6 1.0 +1000

4.01 35uA 19 6.0:1.9uA 6luA 101 35uAIl.0uA 167uA -1000

Figure V.C.13 CD Stress, Serial Number 17 Leakage Current Summary
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Figure V.C.14 - Pin I Input
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Figure V.C.15 - Pin ii Input
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Figure V.C.18 F in 7 Input
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Figure V.C.19 -Pin 11 Tnput Failure Location.
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Number of Failures at Pin Locations

400

1' 2 7 891 V o l t a g e" - -. . - "

-250

2 2 3 2 2 1 5 1 +500

2 2 3 2 2 1 _5 1 -500

2 2 3 2 2 1 5 1 +750

2 2 3 2 12 1 5 1 -750

4 4 4 3 4 2 5 2 2 3 +1000

4 4 4 3 5 2 6 2 2 3 -1000
5 5 5 7 9 4 7 2 3 .. ..

! 
-1250

10 1 7 9 4 72_3_-1250 -

4 0 13 9 1 0 11 5 S 3 I 15 +1500.

Figure V.C.21 - HBD Stress, Cumulative Leakage Failures

Leakage Current by Pin Number (nA except as noted)

2 3 4 5 6 7 8 9 11 Voltage

2.E 1.61 1.4 1.3 1 4 1.31 1.3 1.4 - 0

- 2.7 1.9 1.7 1.6 1.5 1.6 1.5 1.6 - +250

2.4 1.4 43uAl 1.6 83uA 0.9 0-7 0-9 +500

1 .3 3 . 2 .1 3 u A l 1 .2 1 8 0 u A 1. 7 1 .- I 1 -4 1 .4 - 5 0
0.81 2 .7 1 9! 2 hA 1 .6i S uA 1 . n-1 Q-. n9,T
0. 61 2.d 1.21 44uAl 1.0- 35uA 1 1.2 n-.9 n _Al n-7 -75n /

0.41 1.4 uA 66uA 37uA 1.6 1.4T uA -+1000

Figure V.C.22 - HBD Stress, Serial Numbr 17 Leakage Current Summary S
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1 0

Figure V.C.23 B BD Stress, Pin 3 Input Damage

S 40

-Figure V.C.24 - 1BD Stress, Pin 8 Input Damage

110



D. Part D Analysis

This device is an Octal Transparent Latch with 3-state outputs

manufactured with the Isoplanar II process. This is an oxide isolated S
technique which allows the oxide to come up to the edge of the emitter
contact (walled emitter). This has a single level of metallization for the
interconnects. These parts were in 20-pin dual-in-line ceramic packages.

An overall die photograph is shown in Figure V.D.I. VCC is pin 20 and

is at the top of the figure and GND is pin 10 at the bottom of the figure.
The ground metallization runs around the perimeter of the die and provides

the contact to the anode for the diode on each input and output. The VCC

metallization is in the center of the die. It is connected to pull-up
resistors.

An input structure is shown in Figure V.D.2. The components are
labeled corresponding to Figure V.D.3. The input transistor base-emitter
and base-collector junctions and diode Dl all measured 20 VDC breakdown.

An output structure is shown in Figure V.D.4 and the schematic is shown
in Figure V.D.5. The protect diode is not shown in Figure V.D.4 but is

visible in the overall photograph. S

Microsections were performed to examine the construction of the
components. The input transistor is shown in Figure V.D.6. The top view
is shown at 50OX while the side view is shown at 1200X. The approximate
thicknesses of the layers are: Metallization = 1.0 microns; p-Layer = 1.8
microns; n-Layer = 1.0 microns, dielectric between metallization and

silicon = 1.0 microns.

The p-type emitter diffusion was not visible in the sections. The
Schottky diode on each pin was also microsectioned and is shown in Figure
V.D.7. The p-type Schottky diffusion is very shallow and is not visible in
the section. J

Electrical Testing

A sample of the electrical data which was taken on each of the stressed
parts and the control part at each iteration during the testing is shown in

Figure V.D.8 and V.D.9. Figure V.D.8 shows the initial readings on serial S
number 11 and Figure V.D.9 shows the readings on serial number 11 after the
-2500 volt stress.

The VCD measurement verified the presence of the protect diode. Four
devices failed this measurement at initial test, a resistive Schottky
contact was found on these parts and they were not included in this test. S
These were serial numbers 2, 15, 16, and 18.

Device functionality was verified by the VOH and VOL tests. A

functional verification of the output enable pin was included, however, the
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latch enable pin was not placed in the low state (disabled condition).

Leakage current at the inputs was measured with the 11 (VIN = 2.7 V)

and IlL (VIN = 0.5 V) readings. Output circuit leakage was measured

with the IOZH (VOUT = 2.4 V) and IOZL (VOUT = 0.5 V) readings.

The two readings which provide the most information on the gradual

leakage increase are IIH and IOZH . IIH increased considerably while
little change occurred in the outputs.

Charged Device Data Analysis

Fourteen devices, serial number 17 and 19 through 31, were subjected to the

charged device ESD simulation model. The first leakage failure (greater
than 20 microamps) occurred at -750 volts and all parts were removed from
test after the +1500 volt stress. All inputs became leaky and no other

pins became leaky. The pin number and the voltage level at which leakage
failures occurred are shown in Figure V.D.10. It is apparent that pins I
and 11 were more sensitive to stress. It is also evident that the negative

stress causes more damage than the positive stress. The negative stress
sensitivity is consistent with the results seen on part C. This stress
reverse biases the junction connected to the input pins and results in

junction breakdown degradation.

The leakage current changes with stress application are shown for pin I
on serial number 26 in Figure V.D.lI. There is a jump from picoamps to %
microamps and damage is only worsened by the negative stress.

All inputs had identical layouts except for pins I and ii. The input
shown in Figure V.D.2 and the inputs shown in Figure V.D.12 are the layout
used on pins 3, 4, 7, 8, 13, 14, 17 and 18. The layout shown in Figure
V.D.13 is the layout for pins I and 11.

Failure analysis found no evidence of physical damage; however,
mechanical probing and isolation determined the component which degraded.

This was the Schottky diode on the input. Slight degradation of the
base-collector junction on the input transistor was noted for some pins.

Current was forced through pin 18 and pin 11 on serial number 27. This
accentuated the failure sites and these are shown in Figure V.D.14 and

V.D.15.

The increased sensitivity of pins I and 11 is apparently due to the

fact that the current is forced to flow out of the contact at the end of
the Schottky diffusion rather than spread over the whole diode. Additional
heating and damage results. The large ground metallization acts as a major
portion of the capacitance which discharges out of the pin being stressed.
This is the reason for the Schottky diode being damaged (as will be
discussed, this is not the junction that is damaged by the human body
discharge model).
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Human Body Discharge Data Analysis

Twelve devices, serial numbers 3 through 14, .!re subjected to the
human body ESD simulation model. The first leakage failure occurred at 0
+500 volts and the last device was removed after the +2750 volt stress

(Figure V.D.16). The failures at +500 V and +750 V occurred primarily on
serial numbers 7 and 9. These were removed and there were no additional
leakage failures until +1250 volts. The positive stress causes the major- .* _
device damage due to the reverse biased junctions for this polarity.

Typical leakage current changes are shown in Figure V.D.17 for pin I on 0
serial number 3.

Failure analysis found no evidence of physical damage. Mechanical
isolation and probing found that the junction which degraded was the
base-collector junction on the input transistor. This was not expected
since the Schottky diode had failed on the parts stressed with the charged
device model. Current was forced through pins 7 and II on serial number 4
to accentuate the failure sites. These are shown in Figure V.D.18 ad
V.D.19.

This result indicates that the weakest junction is the base-collector.
This junction was not damaged for the charged device model because it ,
received a much lower stress level than the Schottky diode. The increased
sensitivity of pins 1 and 11 to the HBD stress does not appear to be
strictly related to physical layout. The layout does not appear to provide
an explanation for the sensitivity difference. There is a difference in
the current path to ground. The schematic is basically the same but the
components are not identical. The junction marked D4 in Figure V.D.2 is .
different than the base-emitter junction on transistor Ql in Figure
V.D.20. The general layout and interconnects are also different.

These results indicate the significance of the different stress

methods. The charged device model causes damage to junctions which are
connected to large metallization areas while the human body model damages

the most susceptible junction in the current path to ground.
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MARTIN MARIETTA AEROSPACE -- DENVER DIVISION -- PARTS EVALUATION LAB

FILE UID :146 SERIAL NUMBER - 11
TESTED AT 25 DEG. C NO. 1 ELECTRICAL
ON 04 AUG 83 AT 15:36:27 WITH THE 3260 TEST SYSTEM

TEST MEASURED L I M I T S
FAIL TYPE VALUE MINIMUM MAXIMUM

ICC ------ 30.10HA -- 55.00MA

VCD ------ -705.OMV -1.200 V --

VCD ------ -705.OMV -1.200 V --
VCD ------ -705.OMV -1.200 V --

VCD ------ -705.OMV -1.200 V --
VCD ------ -705.0MV -1.200 V --
VCD ------ -700.OMV -1.200 V --
VCD ------ -700.OMV -1.200 V --
VCD ------ -700.OMV -1.200 V --
VCD ------ -720.OMV -1.200 V --

VCD ------ -710.OMV -1.200 V --

VON 3.160 V 2.700V .
VON 3.165 V 2.700 V --
VON 3.160 V 2.700V --

VON 3.155 V 2.700V --
VON 3.160 V 2.700V --

VON 3.165 V 2.700V --

VON 3.160 V 2.700 V --
VON 3.155 V 2.700V --

VOL 353.SMV -- 500.OMV
VOL 349.OMV -- 500.OMV
VOL 349.OMV -- 500.OmV

VOL 351.OmV -- 500.OMV
VOL 353.OMV -- 500.OMV
VOL 349.5MV -- 500.OMV

VOL 351.5MV -- 500.OMV
VOL 359.OMV -- 500.OMV

IH ------ 450.OPA -- 20.OOUA
IIH - 500.OPA -- 20.OOUA
I -- - 700.OPA -- 20.OOUA

-IH ------ -200.OPA -- 20.OOUA
IIH - 950.OPA -- 20.OOUA
IIN 700.OPA -- 20.OOUA
IIH - 500.OPA -- 20.OOUA
IIH - 250.OPA -- 20.OOUA
IIH - 300.OPA -- 20.OOUA S
IIH - 600.OPA -- 20.OOUA

IIL ------ -356.5UA -600.OUA --

IIL ------ -351.5UA -600.OUA --
IL--- - --- ----- 353oOUA -600.OUA -

IIL ------ -351.OUA -600.OUA --
IIL ------ -357.5UA -600.OUA --
IIL ------ -360.SUA -600.OUA -- 5
IIL ------ -358.OUA -600.OUA --

Figure V.D.8 - Initial Electrical Data
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FILE UID :146 SERIAL NUMBER - 11

(ESTED AT 25 DEG. C NO. I ELECTRICAL
ON 04 AUG 83 AT 15:36:57 WITH THE 3260 TEST SYSTEM

*TEST MEASURED L I M IT S
FAIL TYPE VALUE MINIMUM MAXIMUM

IlL----------------------------------------------36,UA-0.OA-

IL-- ---------- 352.5UA -600.OUA -

IL----------------370.OUA -600.OUA -

IOZH-----------------4.700NA -- 50.OOUA
IOZH-----------------3.OOONA -- 50.OOUA

IOZH---------------3.200NA -- 50.OOUA
IOZH-----------------127.ONA -- 50.OOUA
IOZH-----------------4.600NA -- 50.OOUA

IOZH-----------------178.ONA -- 50.OOUA
IOZH-----------------312.ONA -- 50.OOUA
IOZH-----------------601.ONA -- 50.OOUA

IOZL-----------------1.300NA -50.OOUA -

IOZL-----------------1.IOONA -50.OOUA -

IDZL-----------------700.OPA -50.OOUA -

IOZL-----------------3.45ONA -50.OOUA -

IOZL-----------------2.600NA -50.OOUA -

IOZL-----------------2.950NA -50.OOUA -

IOZL-----------------3.OOONA -50.OOUA -

IOZL-----------------37.75NA -50.OOUA -

5------------------68.OOMA -150.OMA -60.OOMA
S------------------71.50MA -150.OMA -60.OOMA

IDS------------------71.5OMA -150.OMA -60.OOMA
5------------------71.OOMA -150.OMA -60.0014A
S------------------71.OOMA -150.OMA -60.OOMA

S------------------72.OOMA -15O.OMA -60.OOMA
5----------------71.5OMA -150.OMA -60.OOMA

*ID --------------- 71.OOMA -150.OMA -60.OOMA

TEST RUNTIME IS 21 SECONDS
PRINT /DISPLAY TIME IS 51 SECONDS

Figure V.D.8 -Tnitial Electrical Data (Cont.)
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MARTIN MARIETTA AEROSPACE D-EENVER DIVIISIOt4- PARTS EVALUAIION L.^.

FILE UII' :146 SERIAL NUMBER - 1 1 -

IPSTED AT 25 DiEG. C N2500V STRESS
ON 1, NOV 83 AT 12:31:09 WITH THE 3260 TEST SYSTEM

TEST MEASURFri L. I M I T S
FAIL TYF'E VALUE MINIMUM MAXIMUM

ICC ------ 29.60MA -- 5.0M

VCI-- --------------- 780. 0MV -1.200 V --
VCI------------------730.OMV -1.200 V -

VCI------------780.OMV -1.200 V -

VC-------------------750.OMV -1.200 Y -

Vol-- -- ------- 855.OMV -1.200 V -

VC - ---------- 830.OMV -1.200 V -

VC-----------------755.OMV -1.200 V -

VC-------------------730.OMV -1.200 V -

VOI----------------725.OMV -J..100 V -

VC1--------------955.OMV -1.200 V -

VOH ------ 3.110 V 2.700 V -

VOH ------ 3.105 V 2.700 V -

VON 3.105 V 2 700 V -

VOH 3.105 V 2.700 V -

VOH ------ 3:10S V 2.700 V -

VOH ------ 3.105 V 2,700 V -

VON 3.105 V 2.700 V -

VON 3.110 V 2.700 V -

VOL ------ 386.5MV -- 00.Omv
VOL ------ 381.5m1( - 500.OMV
VOL ------ 382.OMV -- 500.0OIV
VOL ------ 383.5Mv - 500.0MV
VOL ------ 380.OMv - 500.0mv
VOL ------ 376.5MV -- 500.O0MV
VOL ------ 3/7.OMV - 500.0MV
VOL ------ 400.O0MV - 500.OMV

IIN --- 103.OUA -- 0.OOUA -.

IIH - 2.45ONA -- 2.OOUA
IIH 336.5NA -- 2.OOUA
IIN 5.200NA -- 20.OOUA
IIH 129.5ONA -- 20.OO0UA
IIH 300. OPA -- 20.0OUA
IIN 27.35NA -- 20.OOUA

*** IIH 122.OUA -- 20.OOUA
IIH 77.9SUA -- 20.OOUA S
INH --- 229 .UA -- 20.0OUA

IIL--------------355.OUA -600.OUA -

IL--------------34S.OUA -600.OUA -

IL----------------346.5UA -600.OUA -

IL----------------344.SUA -600.OUA -

IL-- ---------------- 350.LJA -600.OUA -

IL--------------35j4.OLIA -600.OUA -

IL----------------351.OUA -600.OUA -

Figure V.D.9 -Post -2500 Volt Electrical Data
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*FILE Ulf, :146 SERIlI NLIhj<ER - 11

JESTEE' AT 25 DEG. C N250OV STRESS
ON 15 NOV 83 AT 12:31:38 WITH THE 32o TEST SYSTEMS

TEST MEASURED L I N I T S

FAIL TYPE VALUE MINIMUM MAXIMUM

IlL---------------------------------------------35.UA-00OJA -

IL----------------3Uj3.OUA -600.OUA -

IL----------------3/5.SUA -aOO.OJA -

IOZH------------3.400NA -- 5O.OOUAS
IOZH-----------------2.200NA -- 5O.OOIun

IOZH------------1.ONA -- 50.0- A

IOZH--------------108.$JNA -- 5O.OOUif
IOZH------------2.600NA 510 1OO0LI
IOZH--------------154.SNA- 5.uC
IOZH------------263.ONA -- 5O.OOIJA
IDZH-------------28.5NA -- 50.OOUA

IOZL------------0 OOPA -50.OO'1Jfl -

IOZL------------800FA -00UA -

IOZL------------1.200NA -50.OOUfl -

IOZL----- - - - - ----- -5O.OOUA -

IOZL---------------.20NA -50.QOUA --

IOZL-----------------------0,?0'JN. -5u.002'A -

IOZL-------------- - - 2. 50 0 N -S50.u$UZ -

IOZL------------30.,ON -5OC.u 0 U

lOS----------------60.OOMA -I15.Q01fA -6C00PM."
15------------63,50MA -150.OMA -KON

05--------------64.OOMA -I150. Oml Ct..'V)fA
05----------------63.OOMA -15O.Omfi -60.OOMA
05------------65.OOMA -1Z0.OMA -0',~)lf

15------------- 65.00(MA -tI', 0. 0 -OQOM
205----------b-5.CUM(O - 150.PMA b-0 .UDi 00 S
LOS------------- 3. O0M r, -ICO Mf -6 0O M

TEST RUNTIME 1S 20 SECOND1S
FEINT D tISPLAY TIME IS 51 SECONIIS- -

Figure V.D.9 -Post -2500 Volt Electrical Data (font.)
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00

-750

14 9 9 9 10 14 8 9 619 110 -1250

1 10 1 9 10 1 9 11 8 10~ 14 +1500

Figure V.D.lfl - CD Stress, Cumulative Leakage Failures (14 parts total)

INITIAL +750 V -750 V +1000 V -1000 V

450 pA 400 pA 11.8 uA 7.6 uA 50.5 uA

% Figure V.D.1l CD Stress, Serial Number 26 Pin I Leakage Current

~0
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E PINN14

Figure V..13 Input Pin 1ad1
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0

k LS

Figure V.TX15 -CD Stress, Input Pin 11 Damage Site
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Number of Failures at Pin Locations

0S

1 1 1 4 1 8Volt"age"

_,,1 1 2 1 1 1 1 2 +500 " """

] -500
I ' +750

3 2 2 3 2
6 I -750

) ) +1000

- 3 04-000

2 +1250

) ) -1250

j_-- -1500

12 2 3 2 5 2 +1750
S6 -1750 .-

3 ~ 3. 4O +20oo00
4 'i-2000 . ,.

12 5 5 1 2I +2250

-2250

9 4 7 5 11 8 +2500

________-2500

12] 10 8 5 5 1 3 8 6 11 12 +2750

Figure V.D.16 - HBD Stress, Cumulative Leakage Failures (12 parts total)

Initial -1250 volts +1500 volts -

600 pA 300 pA 63.2 uA

Figure V.D.17 - HBD Stress, Serial Number 3 Pin I Leakage Current
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PIN 7

Figure V.D.18 -HBD Stress, Input Pin 7 Damage Site

0.'- v. - -

~'PIN 11

0 )V9
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7A,

U S7

Figure V.D.20 -Pin 11 Layout
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E. Part E Analysis

This device is a RAM-I/O-Timer manufactured using an n-channel,
depletion load, silicon gate (HMOS) technology. There is a 2048-bit static S

RAM, 2 programmable 8-bit I/O ports, I programmable 6 bit I/O port, and a

14-bit timer. There is one metallization layer and one polysilicon layer.

Both conductors are approximately 3.5 microns in width.

An overall die photograph is shown in Figure V.E.l. VCC, pin 40, is at

the top of the figure. On its left is a bond pad that is only connected to S

the substrate. VSS, pin 20, is at the bottom of the figure. The

distribution pattern is basically an interdigitated structure. The VSS

metallization has two parallel stripes that are approximately 8 microns

apart near the outer edge. The reason for the separation may be that the

wider outside stripe carries the majority of the current flow and the

inside stripe is a solid ground reference for the internal circuitry. S

The VCC metallization is shown in Figure V.E.2. This contacts n+

source diffusions. The VSS metallization is shown in Figure V.E.3. The

two parallel metallization stripes are visible. This metallization also

contacts n+ source diffusions.

The substrate connection is shown in Figure V.E.4.

A typical input is shown in Figure V.E.5 with the corresponding

schematic in Figure V.E.6. The input layouts were identical on the

different pins. The input metallization overlays the input resistor and

acts as a gated diode. Dielectric breakdown on the gates was 100 VDC. The

input resistor is a diffused resistor. The breakdown voltage from it to

the substrate was 28 VDC. This is the same as the transistor junction

breakdown.

An output is shown in Figure V.E.7 and the corresponding schematic is

shown in Figure V.E.8. This is pin 6 which is the only output on this

device that is not an input/output combination.

An input/output combination is shown in Figure V.E.9 and the

corresponding schematic is shown in Figure V.E.10. The input section is

identical to the other inputs and the output layout is the same as the

outputs on the other I/0 pins. S

Microsections were performed to examine the construction of this

device. Very shallow aiffusions were used. An input resistor diffusion is

shown in Figure V.E.Il. The edge of the bond pad is on the right hand side

of the photograph and the metallization which interconnects the bond pad

and the resistor is above the diffusion. This diffusion is 0.4 microns S

deep and the metallization is 1.2 microns thick. A transistor structure is

shown in Figure V.E.12. The polysilicon gate is 0.4 microns thick. The

edge of the die is shown in Figure V.E.13. There is an n diffusion which

is about 2 microns deep which travels around the perimeter of the die and
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is contacted by metallization on its inside edge. The oxide thickness
between the polysilicon and the metallization is 1.2 microns and the
thickness between the polysilicon and the silicon is 0.9 microns.

Electrical Testing 0

A sample of the electrical data taken on each of the stressed parts and

the control part at each iteration during the testing is shown in Figures
V.E.14 and V.E.15. VOH and VOL were measured on the output pin and on
each of the 30 input/output pins. Current leakage was measured at +5 volts
and 0 volts on all pins except the timer output, VCC and VSS. This 9
measurement provided interface circuit damage information. This testing
also provided a functional check of the following. The control logic
(IO/M, CE, ALE, RD, WR, and RESET), the three ports and associated data
direction registers, the timer, and the address/data buffers and latches
were tested for operation in their various modes. One 8 bit wide section
of the 256 section RAM was accessed. 0

Charged Device Data Analysis

Fourteen devices, serial numbers 15 through 28 were stressed with the
charged device ESD stress simulation. The principle failure mode
experienced was input circuit leakage. A summary of the inputs and the 0
point at which they developed leakage current is shown in Figure V.E.16.
The inputs are seen to degrade with positive stress. The order of
sensistivity is: 4, 7, 9, and 10 most sensitive 3 and 11 less sensitive,
and pin 8 least sensitive.

Numerous VOH and VOL failures occurred, however, this was due to
the input damage. In addition to the input becoming inoperative because of
the junction damage the substrate bias generator would not be able to keep
the part properly biased with the additional current load put on it through
the inputs.

Three devices exhibited leakage on pins other than the inputs. Serial
numbers 17 and 25 had leakage on output pin 6 and serial number 21 had
leakage on output pin 6 and I/O pin 2.

The layouts are as shown in Figure V.E.17 through V.E.23. Pin 2 in
Figure V.E.17 is an input/citput and pin 3 is an input only. Input pins 3
and 4 are shown in Figure V.E.18. Figure V.E.19 shows input/output pin 5
and output pin 6. Figures V.E.20 through V.E.22 show input pins and Figure
V.E.23 shows input pin 11 and input/output pin 12.

Curve tracer measurements were performed on all devices. Input

leakages were noted on pins 3, 4, 7, 8, 9, 10, and 11 on most devices. Pin
6 was leaky on serial numbers 17, 21, and 25. Pin 2 was leaky on serial
number 21.
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Internal visual examination was performed on all of the devices. No

damage was visible on the input/output pins which did not exhibit leakage.
Damage was seen on numerous pins and this is documented on two parts,

serial numbers 20 and 21. Serial number 21 had leakage on pins 2 and 6 in

addition to the inputs.

Failure appearance on serial number 20 is documented in Figures V.E.24
and V.E.25. This is pins 7, 8, and 9. The current path is from the n-type
resistor to the n-type diffusion around the perimeter of the die. This

latter diffusion is not connected to any other point so the current flows 0
from it back to a grounded pin.

The failures on pins 7 and 8 on serial number 21 are shown in Figure
V.E.26. The failure on pin 2 (input/output) is different than the failures
on the inputs (Figure V.E.27). The breakdown sites which indicate the

direction of the current are on the edge of the resistor contact closest to •
pin 3. The distance from the edge of the pin 2 resistor diffusion to the

edge of the pin 3 resistor diffusion is 26 microns. This is shorter than
the distance to the edge of the die (32 microns). The damage created
indicates that a stress occurred between pins 2 and 3. Numerous pairs of
input/output pins had this same spacing between resistors (26 microns) but

they were not damaged. This indicates that the damage on pin 2 was not the S
result of a stress originating at pin 2 but rather was the result of an
opposite polarity pulse originating at pin 3. The close spacing to the

adjacent pin resulted in the stress occurring between these points rather
than to the edge of the die.

The failure on pin 6 produced a visible breakdown site (Figure

V.E.28). This site was verified by mechanically isolating the other two
contact points and probing each. The only one that was leaky was the one

shown. This was drain to body leakage.

With an understanding of the physical layouts and an understanding of

the failure modes, the sensitivity variations can be analyzed.

Pin 8 is less sensitive to stress than the other inputs because it is

connected to an additional diffusion. This makes its sensitivity less than
the other inputs but more than the outputs which have more than one
diffusion contact.

Pins 3 and 11 were the next most sensitive and they have in common the

fact that they are paired with an input/output pin (Figures V.E.17 and

V.E.23) and they are the last input pin either direction around the die.
Since current flow occurs out to the edge of the die and then back through
a grounded circuit, the pins on the end would tend to receive less stress.

The ones in the middle would be stressed when pins on either side of them S
receive a stress.
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For the same reason as stated above the four internal input pins 4, 7,
9, and 10 were the most sensitive during this test. For a single stress
event it is likely that the inputs would exhibit a more uniform stress

sensitivity.

Due to the lack of a low resistance current path back to the substrate

these parts were very resistant to ESD stress.

Human Body Discharge Data Analysis

Thirteen devices, serial numbers 2 through 14 were subjected to the
human body discharge ESD simulation. A summary of tue input circuit
leakage failures with voltage stress is shown in Figure V.E.29. The first
leakage failure which occurred was pin 4 on serial number 5 at +2000

*volts. Two devices proceeded all of the way through the -5000 volt stress
level. One of these was functional and had only slight current leakage.

In addition to the input leakages listed, pins were leaky as shown
here: serial number 2 pin 1, and pin 37, serial number 4 pin 13, serial

number 5, pin 12 and pin 37, serial number 7, pin 2 and pin 6, serial
number 8, pin 12, serial number 9 pin 2 and serial number 14 pin 12. The
HBD stress caused failures on more different pins than the CD stress. With
the exception of pin 37 these were all physically close to the input pins.

All 13 parts were opened and visually examined. The damage was much
less severe than on the CD stressed parts. Very slight damage was visible
on a few inputs but stripping was required to enhance the failure sites.

Serial number 2 was analyzed since it had leakage on pins I and 37 as
* well as inputs. The leakage on pins I and 37 was low, measuring 10

microamps at 6.5 volts on pin I and 10 microamps at 9.5 volts on pin 37.
There was no visible damage on these two pins. Pins which did exhibit
damage are shown in Figures V.E.30 through V.E.33. Figure V.E.30 shows
input/output pin 2 and input pin 3. Figure V.E.31 shows input pin 4.
Figure V.E.32 shows input pins 7 and 8. Figure V.E.33 shows input pin 11
and input/output pin 12.

Input/output pins 2 and 12 were the only two I/0 pins which exhibited
visible damage. They both had leakage currents of 1 microamp at 10 volts.
The input pins generally had damage on the side of the resistor closest to
the edge of the die. There is also visible damage along the edge of the
n-diffusion on the perimeter of the die.

There was very little difference in sensitivity between pins like was
*• seen on the CD stressed parts. The susceptibility to damage was low on

these parts with the inputs being more sensitive to stress than outputs or
I/O combinations. This part is designed very well for ESD tolerance due to
the absence of a current path from the inputs through the substrate back to
an external ground.
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Figure V.F.2 VCC Bond Pad
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Figure V.F.3 -VSS Bond Pad
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Figure V.E.4 -Substrate Connection
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Figure V.E.f Pi -3 Input/Output Scemt4
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1 S9

Figure V.E.11 -Input Resistor Diffusion Side View

Figure V.E.12 -Transistor Cross-Section

figure V.E.13 -Side View of Edge of Die
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M4RTIN MARIETTA AEROSPACE -- DENVER DIVISION -- PARTS EVALUATION LAZ

PART NUMEER - FILE UID SERIAL NUMBER - 6
TESTED AT 2S DEG. C

UN 0.1 AUG a3 AT 14: J3 WITH THE 32.50 TEST SYSTEM

TEST MEASURED L 1 M I T S
FAIL T IPE VALUE MINIMUM MAI-:IU M"

VH - - -9 v - - . --

UGH - - -2 . --
UGH .SS v'O3 -.

UQH - -- 905 V 4 V

0 2. U0 - V --
UGH Q 9, V 0 v2 U400 V --
UOH ,2,.375 V 2 400 v --

-' - -. 3'90 V - 4' V -- S
0H 2 - - - .920 V 240 -.-

">4391 4 ZJ 0-
';.2W - - - - - - -2

iR , .S V 400 V --

YN.920 U7 - Ae3 U --UGH - - - 00 V --

', ' IOU'=. i O '. --

.15(.. K. , 2 02 , --

5/, £ : V U"4 0 ' --
, y Z ' -

R. 5?sV R4"' V0H .9 V 29,, -- "

O 2953y'i, Z40V --- - "S

UGOH .95 V .405 "7 --VO 9. SS V -
- . 0 Z -.

4.H -- -- - -- -

VO -~ - ,
VO L -k - - - 17 yM1 4Sl QM"
VflL - - - - - - 17E SMy 453 011

iC, - - -,S =. MV 4. .. om
OL--------------151 S~y 4SQ 31U

LO ,-. - 2 -- '-- - - "~o "M -m" z-

VOL- - - - - - - S_-M-y- -- 4c3. 0M
VOL - ------. 0MV 4z -- 4 LON 3 MV

VOL -_ -MV -- 4 OMV
VOL - ----- -i---- SMV -- 4-0 -MV
VOL - ------ -1 OMV -- 4-.0 V
VOL - SHI. Y -- 4, .OMY
VOL -6-.-MV -- -1 ,4 .0MV

VOL- ------ 167 S MV -'- 4b .GNMV

Y"CL -t -. E - 1 MV -- 4-50ozMV
'-0L - - - -96 .c_ .,V C3.I .0MVrVOL--------------160,OMU -- 45O0MV"- "

"/OL--------------167 SMV -- 450.CMV "S

Figure V.E.14 - Initial Electrical Measurements
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PART NUMBER - FILE UID SERIAL NIJMBER -

TESTED AT -S DEG. C 0

ON 03 AUG a3 AT 14:10 WITH THE 3260 TEST SYSTEM

TEST MEASURED L I M I T S
FAIL TYPE VALUE MINIMUM MA<XIMUM - . -

VOL 167. 0MV -- 4S0 OM'
VOL 164. 5MV -- 450. OMY
VOL i69.SMV -- 450 OMV

VOL 171. OM'V -- 450. OMV
VOL 170OMV -- 450.0MV

VOL -1,--MV -- 450.OMV
VOL - - - i.OMV -- 4F0 OMV
V,OL 17"9. SMV -- 450. MY
VOL ---. SMV -- 450 OMV
VOL 10 SMV,, -- 450 OMV S
VOL 187.OMV -- 

4
50 OMV

VOL 13.SMV -- 4S0 0MV
VOL 171. M -- 450 aMY
VOL 270 OMV -- 450 OM'

IlL 2 400NA -10 00UA 16 O0UA
IIL -. ----- -i- ,NA -10. 00UA 10 00UA
IL -- . 1SONA -10 Z1UAL 10 O01tjA

IIL ----- -700 OFA -1z Z1UA 1 Oz!:A

IlL - ------ -. NA -10 OZUA I Zo
IIL -1 400N1 10 0ILQA I Z613L

-IL - -- - ONA -100 0L14 10 6L1
Il-----------------1SNA -10 06134 10 Z e;AIIL -i, I50NA -00U O 9_

IL -2 ,EONA -10 00A 16 elc,:Zj1L ------ -1 100NA -10 00UA :o 0o3A .

IIL ------ 3. 3SONA -10 000A 10 0o13 0
IlL -. -ONA -10 00UA 16 @OUA
IIL - - - - - - 2. 80 0N A -10 ZZUA I I? C i,

IIL ---- -- ---- 00PA -10 001U 10 C
0

.
I:L - 3.2SONA -10. 06UA I0 @L 14
1L - -1. E.0NA -10.13 UA 1 0" "1

11L -- 7SO ZPA - 0U~ A 1 0 '_; Z. . .-IIL -2.00NA -10. ZZLIA 16 00:_4

IIL ------ -I--S0NA -10.00UA 10 00,4

Il- ------. OONA -10 00UA 10 ZOUS
I1L -i. O00NA -10.ZOUA 16 00w5
IiL - -------- 2 QOONA -10 003lA 10 0014
IL -------------OONA -10 OUA 10 00,_A,
IL - ----. ONA -10 013 1A 064-A
IlL- ------ -i-: ONA -10 00134 10 Z yA

IlL------------------~ ~-10 013 16 0334_;
IIL - ------. SSONA -10 0 U1' 10 ONLA S
TIL- ------ -1 6O0NA -10 6613A 10 001A
IlL- ------ E 45OJNA -10 0o613 10 OZL!A
11L ------- -1 60N4L -10 'ow: 16 0.
IIL - 700NA -:6 66_3A 16 3,4
1IL--1 ,60%4 -1- -3_ :- 0- --

11L - - - -ONA - 1 21 10 ,
IlL------- -1 6 V. NA -16 36.4 10 Z,-4
IlL - - -- -------- NA -10 60130 106 6_ .
11L ------------- -- E ZN4 -:0 0 A3 ' C-

Figure V.F.14 - Initial Flectrical Measurements (Cont.)
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F-A~' %',,_"zc- PillE .-'i" IEF'AL~ '__ -

,N ; A - 33 AT 14 10 WITH THE 32t3 TE T S,STEMi

VEST MEAS PED -P : T I

Ai 'E VALUE ,'.PU'4M ! A, LM

- - - - -- -- - - - - - - - - - -- - - -1 --e - : : _s -a -o .. -•

-ZL - - - - - - --I0 0-- -A 50
.L - -- -S-h-A -; Z-' A 0 001A

!l -------- 1 40ZNA -xQ 10UA ZC 00UZ

-I -5 NA. -10 ',>uA tO 001m

I-L - .- -S- - -- 0 COL z A
IlL -- 2 ANA -10 00iSA 10 OtS.A

L - - - -S5ONA -iO LA i;3 I 0 A0

&l SONA -I 00'S.I-, A O _

IIL -- --- -. 0 -1.0 11 '. Zi ."4:
T. - - '-ON- - C 2. CZ' 0

1 IL - - - - - - -i _RO 'NA -t " 0 u 1.3 0 __I
SIL - -- 3 ONA -i 0 -3: -, -'2{ L

:IL - -7 -1 3N;, 103. U zz _ '

IIL --- SONA -Z Z 100A i 0 OLU

IIL " 4 1 ,JA U

*IL -3 7ONA -- Z.OOUA 13 0OUA
- O1CS NA -ilO-. A iz - _A

' 0 ON', -'.- ZV -A .: ,-,j- SOANS I 1 1 'A 10 ZOA

I -L NSO . 10,- " A to. ,U
IL - .-OONA - 1 'A :0 _-u""

IiL - ONS.P -1tLA A IC C A ""- "

I:L -- -NA - -

1IL. -- .z 0" -i -L; - , ..- -

I L - -SON- -!- - 3U40O'A 0,U

IlL 2' :-0PA -1 C. ; 10 , -

I OL -- OPA -i0 OUA 1Z %UA-

I0 L - - - - s 0E0NA -10 ZZUA 10 #'., i

IiL L- 5 NA -1 0 L:A 10 IA , -Z L

I- C - - -AN -1 OtNu iNA 10 tOA

IOL 42ANA " "' 10 17!- U•

L -- - - INA - A COLt"

ILL SONS..'''.S..Z",LA

IL OA - 00N A 3 hZ 10 Z OLA!
ILCL ------ _ HLNA tO 10 LO COL

IOL -A ..- - 10 .
I IL - A 5ONA 't0 ",_A 10A0 0

I ILL - -- -NA -I0 COLA I 0'>

Figure V.E.14 - nitial Electrical Measurements (C'ont.)

142

S
S . . .. .- :::.:.:. .. ... ::.-, . .- ... ...-. ,-. .. . . . . . . . . . . . . . . . .. ." .: .. ::::::::::::::::::::::::::::::::"::: i

I.I - -. - 'tIl 1 t11I *t..X2.2 - IV.It' '.-e'-1 I 1 ""11 '1 1 I '...lll t " ' I U' t Z~t I l 1 " I 
I

m ~ ~'lI I"1 . I + lII '



TEETE A 2 D~E E GU. 7r ;ErAL k4U - S;

-'N 03 33 AT 14 iZ WITH THE 3zA.O TEST
-- - - --------------------------------------------------

SE AS', P ED ~ 'I TP7 L T'PE ",ALUE MIM T '

1 ;L - -> - -0

1.;L ---E - 2 n Z 0ANA 0--

-CMI

Figure V.E.14 -Initial Flectrical Measurements (Cont.)
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mAFTIN TA ILTA AEROSPACE -- DENVER DIVISION -- PAPTS EVALUAT 1I LA

5 FILE LJIr' 151 SERIAL NUMBER - 7 S
TESTED AT 25 EG. C PSOGOV STRESS
ON 17 NOV 83 AT 09:06:53 WITH THE 3260 TEST SYSTEM

TEST MEASURED M I T .
FAIL TYPE VALUE MINx MAXIMUM
----------------------------------------------------------------------

VGH ...... . 23.8SMV 2.400 V
UG* VOH 21.50MV 2.400 V -- 0
VOH UGH - 9-. - - - 'n1o y -- 

UG** VOH 22.lIMV 2.400 V --
fin VUH 20.80mv 2.400 V --

UOH . 18.30MV 2,400 V --

A(* )OH 220.75MV 2.400 V --

VOH - 2.925 V 2.400 U -

VOH 2.910 V 2.400 V -- S
VOH 2.950 V 2.400 ') --

VGH 2.935 V 2,400 V --

UOH 2.905 U 2-.4,KG U
YUH -2.95 V 2.400 V --

VOH 2.930 V 2.400 U --

UOH 2.915 V 2.400 V --

VOH 2.910 V 2.400 V --

'h 2.Y3
,

B 0v 2.400 U --

- - - - - - 2.Y45 ',' 2. 400 V --
- 2.970 V 2.400V --

VUH 3.000 V 2.400 V --

VOH 3.005 V 2.400V --

VOH 3.035 V 2.400 V --

VOH 3.020 V 2.400 V --
VOH 3.050 V 2.400 V --

UOH - 3.030 V 2.400U --

-UGH 3.030 V 2.400 U --

VGH 3.040 V 2.400 V --

UOH 2.935 V 2.400 V --

VOL 166.,MV -- 450.OMV
VOL 165.OMV -- 450.OmU 5
VOL 169.OMV -- 450.OMV

VOL 158.OMV -- 450.OMV

VOL 159.OMV -- 45 .0MY
VOL 158.OMV -- 4 . mV
VOL 161.OMV -- 450.GMV
VOL 159. )MV -- 450 . ) .
VOL 172.5MV -- 450.OmV

VOL 173.5MV -- 450.OMV
VOL 174.5MV -- 450.OMV
V - - - -VOL 4.905 V -- 450.OMV

#fl* VOL 4.905 V -- 450. OMU

VOL -VOL 4.905 V -- 450.OMV

*** VOL ---- -4. 905 V -- 450.OMV
VOL 4.905 V -- 450.OMV

VOL 192.0MV -- 450,0MV

Figure V.F.15 - -50nn Volt Flectrical Measuremen
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FILE UIL' :15i SERIAL NUMBER - 9

TESTEDi AT 25 DiEG. C P'5000V STRESS
ON 17 NOV 33 AT 09:07:25 WITH THE 3260 TEST SYSTEM

TEST MEASURED, L I M I T S
FAIL TYPE VALUE MINIMUM MAXIMUM

VOL ------ 191.5MV -- 450,0MV
444 VOL ------ 4.905 V -- 450. OtY
444 VOL ------ 4.905 V -- 450. 0MY
*44 VOL ------ 4,905 V - 5 0.Of)M 0
4** VOL ------ 4,910 V -- 450.OMV
*44 VOL ------ 4.905 V -- 450,OMV
4*4 VOL ------ 4.905 V -- *1S.OMV

VOL ------ 200.Omv - 450.@M
*4* OL ------ 4.905 V -- 450,OMV

VOL - - - - - 2 -01.OMV -- 450.OMV

*a44 VOL ------ 4.905 V -- 450.OMY
4**4* VOL ------ 4.905 V - 450,OMV0

*4* VOL ------ 4.905 V -- 450.OeiV
*4i* VOL ------ 4.905 V -- 450.0MV

*44 ILL -2 -- -17.SUA -10.OOUA 10,O0UA
4** IlL------- -- ----- 992.OUA -l0,O0UA 10.0&VIA

0 44* IIL ------ 220.0UA -10,00UA te,.OOUA
*4* IL------------------938.OUA -10.OOUA lS.OOUA

44* IlL ------ 186. OUA -10.OOUA ID 0J
*4 IlL----------------913,SUA - I0. 0 OUA I 2

*44 TIL --- 196.5UA -10.OCUA
I*4 IL------------915.OUA - 10.O0O4UA D. -0 r

4** IL --- 185.QUA -10,OOUA 1,,OCULA
*44 IlL------- -- ----- 886.5UA -10.OOUA 10.O)OUA
*4* IlL ------ 187.0UA -l0.OOLA 10.OOLIA
*44 IlL------- -- ----- 882-.OUA -10.O0UA 1 (. OOV1A

444** IlL ------ 165.OUA -10,OOUA 10 . t O-01s-A
*4* IL----------------816.OUA -10.OOUA 10.OOUA
444 IlL ------ 163.5UA -10.OOUA 10.OG-^UA
*4 IlL---- ------ - - --- 40.0UA -10.0OOUA I.. .(,

k*** IlL ------ 27.2OUA -10.OOUA I

4** IlL------- -- ----- 17.4OUA -10 - OUA I .,
4** IL --- 1O7.OUA -tO.OOUA I' 00LA

IL----------------6 57OUA -10OO0UA 1, C, 0 U,^,
V* IL --- 83.4OUA -10.OOUA 1f'..00

IIL -3 -- 8620UA -10.O0UA 10. 0004U
4** IlL ------ 48.OOUA -10.00UA 1-O.OOUO'

IIL -j -- 7.790LA -10.00U4 IC.nOUA
4** IL --- 13.5SUA -10.OOUA 10. 0004A

IIL --- 154.5NA -10.0004 10.0004I
IIL ------ 16.35NA -10.0004 10. 001'A
IL--------------1.790UA -10.00UA 1-7.OO)UA
IIL ------ 14.00444 -10. 00LI 1..00UA
IIL-----------------1.435UA -10,00Ll4 10.0004A

IIL --- 10.OSNA -10.0004 l0,00IiA
IIL--------------2.OZSUA -10.OOUA 10.0004A

TI L --- 916.SNA -10.OOLIA 10 .000()U4
ILL------ -- ----- 2.030UA -t0.00U4 -). 0004A
IIL ------ 12.20444 -10.0004 10. 00L1

* IL--------------2.425UA -10.00UA t0.00OUA

Figure V.E.15 -Post -5000 volt Electrical Measurements (Cont.)
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FIL E ii 11115 1 SEFIoL NL ,iPFR

TESTED' tiT 25 [DEG. C F 5C 00 0 2VSIRE3
ON 17 NOV 33 AT 09:07:59 WITH THE 32t.0 TEbT ';(STEM

TEST MEAoLJREE' L. I M I T S
FAIL TYPFE VALUE MI N IMUM MAY I hiJM

IIL - ----- 13.90N,, -10.0f)00 10.32
IL------------------2 .42500A - 10, .00 10. I 0
IL. - 43.85NA - 13.0 .. 1 0'i0

IL-----------------.035UA -10.00 -oj'fl ,
IL------------------334.5NA - 10.000u0 11 -9' U
1 L-------------------,. 81 )U - 10OLIO 10.3
IIL---- ----------- 73.45NA - 10 .00I I"
IIL.--- ----------- 9.270UA4 -10 , 0000 10 01
IL------------------56.15NA - 10.00 CIOW IIL
IL------------------9.7&SUA -10.0004A -) Qj.11
IIL - -- -- - -54,80NA -10.O0120 I0w0

IL------------------6.5851JA - 10. 0000LJ 10 .001
I I- --L 235.0114 -10.00UA 1.0.0--.1, 4
IL----------------6.55004 -10,0000 10."'0
IIL-------------------4.9544 -10.0000 10
I L--- ----------- 4.42SUA -10.0000 IO'> "I .
IIL------------------29.90NA -10.0000j~ Ic1' 0 ILof
IL------------------4.09004 -10C. 0A 10 U 1
IIL------------------46.20N4 -10.0020 10. 01 H4J

IL------------------7. 915LJA -10.00UA 10.
IIL - -- - - - 50.1514 -10 .0Jt LC) ..
IlL------------------9.145U(, -10(.00OLY, 10 . U,0
IL------------------49.4540 -1,.0000A 10 U
IIL------- -- ----- 9.23004 -10.0000DU 10.0000
IL------------------125.514 -10 ..0 00U 10 .'L0
IL------------------7.98504 -10.0000 1 0).0(00C
IL------------------61.6044 -10(). 020)4 10 . 0 (A
IL----------------9.18504 -10,0004A 10 .000 ) -

IL------------------915.544 -10.0004 12,0004A
* I IL----------------10.2504 - 1101000 10C,.0000r

IIL ------ 14,50U,) -10.0000l 1 0 U000
IIL-------------------9 .75504J - 10. 004 1 0.uJoOO

IlL 39.04-10.0000 1 C.000D0 u

IlfL----------------8.00 -10.0000A 10.C(0 A

IlL 25 -- -3.2:04 - 10.04 10A ". 9000LI
£10OL --- 51.0144 -10,0004 10.092 UA

101-----------------491.00 -10.0004 1fl.00
JOL ------ 452.9000 -10.0011A 10. O004
lL.L---------------434.00A -1000 10 .00 . - -I

IOL 59,--- 35404J -100 10. OI. i0004OU
*4* IOL----------------39,50 - 10.0000 10 .04
*44 IOL ------ 45.804~ - 10.0000U 10 .04
*4* IOL------------- -3551.504 -10.0000A 10.0II,'

*44 IOL-----------------35. 00 -1000 10. 0000r I If
IU--------------0.500I -1000 10. 00014

*44 IOL-----------------9 J4 - 10.0004

Figure V.E.15 -Post -5000 Volt Electrical Measurements (Cant.)0
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FILE UID :151 SERIAL NUMBER - 9

TESTED AT 25 DEG. C FSOOOV STRESS
ON 17 NOV 83 AT 09:08:33 WITH THE 3260 TEST SYSTEM
---------------------------------------------------------------------------------

TEST MEASURED L I M I T S

FAIL TYPE VALUE MINIMUM MAXIMUM
---------------------------------------------------------------------------------

IOL-- ---------------- 317.SUA -10.0OUA 10.OOUAS

IOL ------ 36.45UA -10.OOUA 1OOOUA

ICC ------ 102.3MA -- 180.OMA

IILCE--------------98.3OUA -i00.OUA 100.OUA-

IILCE--------------25.7SUA -100.OUA 100.OUA

TEST RUNTIME IS 19 SECONDS

PRINT /DISPLAY TIME IS 109 SECONDS

Figure V.E.15 -Post -5000 Volt Electrical Measurements (Cont.)
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00

1_ _ 1__2_2 -1250

6__ 4__ 1 6 5 + 1500

7 __ 4 __ 1__ 6__5_31 _ -1500

8 11 b___710_8___175
* Figure V.E.16 -CD Stress, Cumulative Leakage Current Failures
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Figure V.E.17 -Input Pin 3 and Tnput/Output Pin 2.

Figure V.E.18 T nput Pins 3 and 4.
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-171

Figure V.E.19 1 /0 Pin 5 and Output Pin 6

FiRUrp V.F.2( Tnput Pins 7 and 8, Arrow Indicates Extra Diffusion Contact
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A V"

Figure V.E.21 -Pin 9 Input

Figure V.E.22 -Pin 10 Input



Figure V.E.23 -Pin 11 Input and Pin 12 Input/Output

0PIN 7 NN

0 - -~----------------

Figure V.E.24 -CD Stress, Damage on Pins 7 and 8
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Figure V.F.25 -CD Stress, Damage on Pin 9

FAS

i . - -lv. 7
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I 0

Number of Failures at Pin Locations

1 2 22 1 z +3500

2 3 5S75

-~ 4 7 4 45

-Figure V.E.29 - HBD Stress, Cumulative Leakage Current Failures (13 devices
total)
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1.7

Figure V.F.3) - lD Stress, Damage on Pins 2 and 3

V5,

PIN ; T

S 0

Figure V.E.31 - LBD Stress, Damage on Pin 4
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F. Part F Analysis

This device is a 4096 x I-bit static RAM manufactured using a CMOS

polysilicon self aligned process. The metallization linewidth was about

4.5 microns and the two polysilicon layer linewidths were about 3.0

microns. This was in an 18-pin dual-in-line ceramic package.

An overall die photograph is shown in Figure V.F.l. VCC is pin 18 at

the top of Figure V.F.I and GND is pin 9 at the bottom. VCC is shown in
Figure V.F.2. A bond wire from pin 18 also is connected to a chip on the

package substrate. The VCC metallization makes contact to the substrate at
various points around the perimeter of the die, it contacts the protect

diodes, and the source diffusions on the P-channel MOS transistors.

Groun is shown in Figure V.F.3. Its metallization makes contact to

the protect diodes and to the source diffusion on the N-channel MOS

transistors.

An input circuit is shown in Figure V.F.4 and the corresponding

schematic is shown in Figure V.F.5. The connection to the body of the

transistors were not evident in the input section.

The layouts of the inputs varied considerably. A second type of input

structure is shown in Figure V.F.6 (input A5) and in the schematic in

Figure V.F.7. The polysilicon gate for the P-Channel transistor is in

series with the N-Channel transistor and there is a shift in the order of

the resistors and diodes.

There are 5 separate input layouts. These include the two shown above

and the following combinations: 1) resistor, VCC diode, resistor, GND

* diode, series gates; 2) resistor, diodes, resistor, series gates; 3)

* resistor, diodes, resistor, series gates and also another resistor to

parallel gate inputs. The resistors vary from about 280 ohms to 900 ohms.

The gate dielectric breakdown was about 45 volts. DI breakdown was 28 VDC,

D2 breakdown was 25 VDC, QI junction breakdown was 25 VDC, and Q2 junction

breakdown was 20 VDC.

There is a single output on this device. It is connected to the two

output transistors by a long metallization run. The transistors are shown

in Figure V.F.8 and the schematic is shown in Figure V.F.9.

Microsections were performed to look at the transistor diffusions and

the metallization coverage over the polysilicon. Figure V.F.10 shows the

metallization and polysilicon. The metallization is about 1.0 microns

thick, the polysilicon is about 0.35 microns thick, and the insulating

* oxide is about 0.5 microns on either side of the polysilicon. The

polysilicon was approximately 55 ohms per square.

Cross-sections through the output transistors are shown in Figures

. V.F. It - V.F.13. Figure V.F.1I is a top view showing the location ot the

• high magnification cross-section photographs. Figure V.F. 12 shows the edge
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of the N-Channel transistor. Figure V.F.13 shows the other edge of the
N-Channel transistor and the edge of the P-Channel transistor. The
diffusion depths are approximately, n+ diffusion = 0.5 microns, p body

diffusion = 3.0 microns, and p+ diffusions = 1.2 microns. 0

Electrical Testing

A sample of the electrical data which was taken on each of the stressed
parts and the control part at each iteration during the testing is shown in
Figures V.F.14 and V.F.15. Figure V.F.14 shows the initial readings on
serial number 9 and Figure V.F.15 shows the readings after the -1000 volt
stress. Supply current, input leakage at 0 volts and 5.5 volts, leakage
current with output disabled, and the output high and low voltage levels
were measured. This testing provided a functional verification of the
control lines (W,E) and of the data input pin. Additional testing was
performed at the same points as the parametric testing. This was done with
a benchtop test setup and included writing and reading all highs and all
lows and verifying the functions of write enable and chip enable.

In Figure V.F.15 the supply current readings are very high and one of
the inputs is shorted. Testing with the part having this type of
parametric readings found them to be nonfunctional.

Charged Device Data Analysis

Fifteen devices, serial numbers 17-31 were stressed with the charged
device model. There was no gradual change in the device characteristics.
The parts would work properly following one stress level and would then
fail with high supply current and input leakage after the next stress. The
input pins which showed leakage and the point at which they showed the

"* leakage are shown in Figure V.F.16. This is a summary for only 10 of the
devices. Five parts were pulled and analyzed after they failed
functionally.

The wide variations in physical layout did cause variations in the
sensitivity. Unfortunately the failures encountered on these parts were
not due to limitations in the design used for the input protect circuits.
The failures occurred due to the layouts of the polysilicon and
metallization coming from the device pins and weaknesses in the oxide
beneath these two layers. Comparison of the results on this part to the
results on the other devices indicates the importance of input layout to
sensitivity. The protect network on pins 1-3 and 15-17 worked well while
the remainder of the pins had numerous problems. The layout for these 6
acceptable pins is similar to that shown in Figure V.F.4 while the extended
layout problems were due to layouts similar to that shown in Figure V.F.6.

Failure analysis found shorts between metallization and polysilicon,
and between polysilicon and silicon. Several of these are shown in Figures
V.F.17 - V.F.22. Figures V.F.17 and V.F.18 show a short between pins 7 and
14. This is at a point where metallization goes over a polysilicon
crossunder. Figures V.F.19 and V.F.20 show shorts which occurred between
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pins 6 and 7 and between pin 6 and the substrate. Figure V.F.21 shows a

short between the metallization going to pin 7 and the polysi icon

connected to pin 12. A more subtle failure is shown in Figure V.F.22.

This is damage to the polysilicon line connected to pin 13.

The failure threshold of these parts to charged device ESD stress was

very low. This was due to poor layout and possibly inadequate oxide
thickness or processing.

Human Body Discharge Data Analysis

Device serial numbers 2 through 16 were stressed with the human body

discharge test method.

A summary of the input pins and the point at which they failed leakage

testing are shown in Figure V.F.23. The inputs went rapidly from no
leakage to high leakage conditions.

The failure analysis on these parts found the same basic failure modes
as the charged device model with some differences in location. Pins 1-3
and 15-17 were somewhat more sensitive to this stress than to the CD stress.

Samples of several of these failures are shown in Figures V.F.24 - S
V.F.27, Figure V.F.24 shows a breakdown between pins 6 and 7. This is

similar to the HBD stress failures. Figure V.F.25 shows a failure between
pins 12 and 7 and also between GND and pin 13. Figure V.F.26 shows damage

which occurred on the polysilicon input resistor on pin 1. This was

shorted to VCC (substrate). Figure V.F.27 shows damage on pin 17 input. 0
This point had shorted to the substrate.

The polysilicon resistors do become damaged with stress as evidenced in

Figure V.F.26. This limits their usefulness for input protection
circuits. On this device the major limitation was the physical layout

which allowed overlying metallization and input polysilicon to cross. .
There is little useful sensitivity variation information available from 6

this device.
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Figure V.F.2 -VCC Bond Pad

GNS

IN

Figure V.F.3 - ND Bond Pad
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vcS

INPUT

Figure V.F.4 -Pin 17 input

vccvc

Qi

IPAD lVVv'
9 00-fl-v

D2 Q2

Figure V.F.5 -Pin 17 Input Schemratic
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Figue V..6 Pn 6 npu
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QL

PA Q2
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Figure V.F.7 -Pin 6 Input Schematic
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ALUMINUM SO~~e

SILICON

Figure V.F.1O Cross-Section of Metallization and Polysilicon
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6- Figiire V.F.11 -Top View of 01itput Transistors
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DRAIN SOURCE
P-TYPE N-TYPE

Figure V.F.12 -Cross-Section of N-Channel Transistor

0 / .

P-TYPE P-CHANNEL' N-CHANNEL

0 SOURCE

- Figure V.F.13 - Cross-Section of edge of P-Channel and edge of N-Channel
0 Transis tors 0
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Figure V.F.14 -Initial Electrical Measurement
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I PIN 7 S

LM4

PIN 14

Figure V.F.17 -CD Stress, Pin 7 to Pin 14 Short

0

* Figuire V.F.18 CD Stress, SEM Micrograph of Pin 7 to Pin 14 Pamlage
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PIN 6

PIN 7

Figure kV.F. 19 CT) Stross, SFM M'icropraph of Pin 6 to Pin 7 Damage

Figure, V. F.2- (T St-ress, SI-, !'.>11crorraph of Samre Area as Ir'iosPhot o
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Figure V.F.21 -CID Stress, Short Between Pins 7 and 12
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0

PIN 1

*Figure v.F.26 - HBD Stress, Polysilicon Damage and Possible Short Site at
Corner

44

Fipirc \ F2- PVFT Stres~s, Pin 17 polivsilicon Damage
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G. Part G Analysis

This device is a 16-Bit Microprocessor manufactured using a

high-density, N-channel silicon-gate depletion load process (HMOS). There S
is one layer of metallization and one layer of polysilicon. The
metallization stripes are approximately 3.5 microns wide and the
polysilicon is 2.5 microns wide. This was in a 64-pin dual-in-line ceramic
package with a metal lid.

An overall die photo is shown in Figure V.G.l. VCC is connected to 0

pins 14 and 49 and GND is connected to pins 16 and 53. These are shown in
Figures V.G.2 and V.G.3. The metallization distribution pattern is visible

in the photograph. There is a pad (substrate bias generator) which is

connected to a metal chip on the substrate between pads 16 and 17. This

does not go to the external pins. A photograph of this pin is shown in

Figure V.G.4.

An input is shown in Figure V.G.5 and the corresponding schematic is

shown in Figure V.G.5a. The contact between the diffused resistor and the
bond pad is a polysilicon pad. The ground metallization is over the edge
of the resistor making a gated diode to substrate. The dielectric
breakdown measured on Q3 was 38 volts. The diode to substrate is the S

n-type resistor to p-type substrate. The clock input has a resistor which
measured 425 ohms. The resistors on the other inputs are 2 to 3 times this
value as indicated by their physical dimensions. The breakdown voltage for
the input transistor junctions and the input resistor to the substrate is
22 volts.

An output circuit is shown in Figure V.G.6 and in the schematic in

Figure V.G.7. This is the standard NMOS output circuit. There is no
separate protection circuitry.

An input/output circuit is shown in Figure V.G.8 and in the schematic

in Figure V.G.9. The circuitry is the same as shown previously however the
layout is different.

Microsections were performed to examine the device construction and

dimensions. A section through an input polysilicon to resistor connection
is shown in Figures V.G.10 and V.G.II. Figure V.G.10 shows the top view

and Figure V.G.lI shows the side view. The metallization is approximately S
1.0 microns thick, the polysilicon is 0.25 microns thick, and the oxide on
either side of the polysilicon is 0.5 microns thick. The microsection was

chemically stained and the diffusions were examined. A top view is shown

in Figure V.G.12 and a side view is shown in Figure V.G.13. The diffusions
are about 0.4 microns deep.

AS

Electrical Testing

Electrical data was taken on each of the stressed parts and the control

part at each iteration during the testing. If the parts did not have a
leakage failure, the data was not printed except at the initial, +500,
+1000, +1500, +2000, +2500, and +3000 volt levels. In addition to the 0
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leakage current information by serial number the average leakage current at
each voltage level for each pin was calculated. These data are shown in
Figures V.G.14 and V.G.15. Figure V.G.14 is the initial averages and
Figure V.G.15 is the averages following the +2250 volt stress.

The readings taken on the Tektronix 3260 ATE were the input current
leakage of each pin with respect to VCC and GND which were connected - - =

together. The readings were taken at +3 volts (NDV) and +10 volts (NDVR).
This provides information on interface circuit damage. One additional
measurement should have been made to ensure continuity. The failure mode
which developed on the inputs was often opens rather than shorts and this
was not easily identifiable in this test.

Functional testing was performed on a Part Type G Educational Computer
Board. This was done after each testing sequence. The operations which
each chip was asked to perform included; Abort, Help, Memory Set, Memory
Display, and Block of Memory Search. This is not a complete functional
test but does exercise a good portion of the device.

Charged Device Data Analysis

Fifteen devices, S/N 17-31, were stressed with the char-ed device ESD
simulation model. Serial number 31 was taken through the test and stress
sequence until it failed, in order to provide an early indication of the
voltage level which would be required. It failed functionally after the
-750 volt stress. The remainder of the devices were taken through the
testing sequence and failed functionally as follows: -250V S/N 29, +500V
S/N 20, 25, 26, 27, 30, -500V S/N 21, 22, 23, 24, 28, +750V S/N 18, -750V -

S/N 17, 19. Serial number 29 was pulled for failure analysis and the
* remainder of the parts were left in test to gain further information on

input circuit degradation.

The testing was stopped after the +2250 volt stress. Leakage current
failures are summarized in Figure V.G.16. This includes the input pins and
pins 17 and 18. A few of the other pins failed at voltage levels of 1750
and greater. The output pins were more susceptible than the I/O pins. A
printout of the average value of leakage current for each pin is shown in
Figure V.G.16a. The leakage current failures do not provide all of the
information required to understand the variation in pin sensitivity. The
leakage current on pin 10 of serial number 30 is shown in Figure V.G.17.
The current is erratic and measures 4 nA after the +2250 volt stress. This
pin was electrically open when measured at this time.

Ten devices were electrically measured and the condition of the inputs
" and of pins 17 and 18 are shown in Figure V.G.17a. The primary failure

mode of the inputs is an electrical open condition. The two I/0 pins
developed excess leakage current.

The variations in circuit layout are shown in Figures V.G.18 through
* V.G.22. Figure V.G.18 shows the standard input circuit. Figure V.G.19
- shows the input configuration used for the clock, pin 15. Figure V.G.20
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shows the standard output configuration. Figure V.G.21 shows the standard
input/output configuration. Figure V.G.22 shows the configuration used for

pins 17 and 18. These outputs have sink transistors but no source

transistor. The input is the standard configuration. S

All devices were visualy examined and further documentation was

performed on serial numbers 20 and 22. Inputs are shown in Figures V.G.23

through V.G.26. Figure V.G.23 shows five inputs on serial number 22 that

are all electrically open. Figure V.G.24 shows an open on pin 10 of serial

number 22. Figure V.G.25 shows damage on pins 12 and 13. Pin 12 is open 0
and pin 13 is shorted to ground. Figure V.G.26 shows a short on pin 15.

Typical output damage is shown for pin 7 on S/N 20 in Figure V.G.27.

Damage on pins 17 and 18 occurred on the current sink transistors (Figures
V.G.28 and V.G.29). This was junction damage drain to body or drain to
source (ground).

These parts were found to have inputs that were sensitive to stress due

to damage created in the polysilicon interface between the bond pad and the

input resistor. Pin 15 was the most sensitive to stress. This pin had a

polysilicon stripe parallel to the protect resistor. This polysilicon was
connected to ground and it also went beneath the bond pad metallization.

The ground metallization represents a large capacitance and causes this pin 6
to be readily damaged by the charged device model stress.

Two of the 1/O pins, 17 and 18, were sensitive to stress. These had
fewer contacts than the other 1/O pins and the output pins. The more

contact area the less sensitive a pin was to stress. This made the output
pins the next most sensitive and the remainder of the 1/O pins the least
sensitive.

Human Body Discharge Data Anaylysis

Fifteen devices, SIN 2 through 16, were stressed with the human body

ESD simulation test method. Serial number 2 was taken through the test and
stress sequence until it failed. It failed functionally at -1250 volts.
The remainder of the devices were taken through the testing sequence and
failed functionally as follows: -1250V S/N 13, -2250 S/N 11, 15 and 16,

-2500V S/N 14, +2750 S/N 3, 4, 5, 8 and 9, -2750V S/N 7, 10 and 12, +3000V
S/N 6. The parts were removed from further stress as they failed. Leakage
increases followed a pattern similar to that seen on the charged device

models except that pin 15 was not damaged on any of the devices. The
configuration with t1,e ground metallization away from the interface
polysilicon is not as'susceptible as the other inputs to the human body ESD

simulation.

Figure V.G.30 shows the leakage currents with the corresponding pin

numbers and functions after the -2250 volt stress. Several inputs are .;.;.

leaky and pin 17 is leaky. This was found to be true on other parts as. .-

shown in Figure V.G.31. Input pins 10, 12, 13, 21, 23, 24 and 25 showed
opens and/or leakage. Input pin 22 which is the same layout as the otier 7
inputs did not have apparent damage. It appears that the inputs that are
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the closest to output or I/0 pins are more suscept'ble to damage. This
makes 10 and 12 the most susceptible, 21 and 25 the next most susceptible
and 22, 23 and 24 the least susceptible. This conclusion agrees with the

electrical data. Pin 15 was not susceptible to stress. Pin 17 developed 6
leakage current due to the fact that there was only one connection on the
sink transistor. Pin 18 had multiple connections to the sink transistor
and it was not damaged. The output and other I/0 pins also were not
damaged.

Photos of the type of damage that occurred is shown in Figures V.G.32 0
and V.G.33. Figure V.G.32 shows opens on pins 10 and 12. Figure V.G.33

shows slight visible damage on pins 22 and 23.

These devices had above average tolerance to ESD stress. The input
configuration used allowed leakage to develop to the ground metallization
and opens developed in the polysilicon. S

The difference between the two test methods was evident on this
device. The reason is that the package capacitance is a large factor for
the charged device model and is not a factor for the human body simulation.
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Figure V.C.4 -Substrate Connection
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MARTIN MARIETTA AEROSPACE -- DENVER DIVISION -- PARTS EVALUATION LAB'

FILE UID :153 SERIAL NUMBER - VARIOUS
TESTED' AT 25 DEG. C INITIAL TEST
ON 31 OCT 83 AT 14:22 WITH THE 3260 TEST SYSTEM

TEST MEASURED L I MI T SZK7
FAIL TYPE VALUE MINIMUM MAXIMUM

PIN AVERAGE OF SERIAL NUMBERS:

NOiV ------ 903.6PA -- .0OOMA
NOV ------ 567.9PA -- .OOOtIA
NOV ------ 610.7PA -- 1.OOOMA
NriV ------ 503.6PA -- 1.OOOMA
NOV ------ 396.4PA -- .OOOMA
Nr'V ------ 500.OPA -- .OOOMA
NOiV ------ 432.IPA -- 1.OOOMA - -- *
NOIV 382.1PA -- 1.OOOMA
NOV ------ 510.ZP'A -- 1.OOOMA
NDV ------ 2.550NA -- 1.OOOMA
NOIV ------ 2.854NA -- 1.0OOMA
NOV 2.675NA -- .OOOMA
NOV ------ 4.675NA -- 1.OOOMgA
NOiV ------ 3.6O7NA -- 1.OCOMA
NOV -l .SOONA -- 1.OOOMA
NOV ------ 3.832NA -- 1.OOOMA
NDV ------ 1.825NA -- 1.OOOMAw
NOV ------ 2.O21NA -- 1.OOOMA
NOV ------ 3.404NA -- .OOOMA
NDV ------ 2.793NA -- 1.OOOMA
NOV ------ 2.896NA -- .00OMA
NOV ------ 2.779NA -- 1.OOOMA
NOV ------ 2.9O7NA -- .OOOMA
NOV ------ 2.675NA -- .00OMA
NOiV ------ 2.S64NA -- lOOMA
NOV ------ 2.754NA -- 1.OOOMA
NOV ------ 2.696NA -- .OOOMA
NO1V ------ 2.ZV6NA -- .OOOMA
NOV ------ 2.7llNA -- 1.OOOMA
NOV ------ 2.9IiNA -- 1.OOOMA
NOIV ------ 2.961NA -- .OOOMA .

NOV ------ 2.Z61NA -- .OOOMA
NOiV ------ 3.661NA -- 1.OOOMA
NOV ------ 3.564NA 1- 1OOOMA
NOV ------ 3.621NA -- 1.OOOMA
NOV ------ 3.OO7HA -- .OOOMA
NOV ------ 3.OOONA -- 1.OOOMA
NOiV ------ 2.5IlNA -- .OOOMA

NOIV ------ 2.646NA -- 1.OOOMA *

NEI-Y -- 2.689NA -- 1.OOOMA
NOIV ------ 3.25?NA -- 1.OOOMA
NOV ------ 3.4B6NA -- 1.OOOMA
NOIV ------ 639.3PA -- .OOOMA
NDV ------ 628.6PA -- 1.OOOMA

Figure V.G.14 -Average Leakage Current at Initial Electrical Teat
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FILE UID :153 SERIAL NUMBER - VARIOUS 6
TESTED AT 25 DEG. C INITIAL TEST
ON 31 OCT 83 AT 14:22 WITH THE 3260 TEST SYSTEM

TEST MEASURED L I M I T S . .
FA I L T YPE VALUE MINIMUM MAXIMUM .-. " -
- ---- - - - - - - - - -

PIN AVERAGE OF SERIAL NUMBERS: •
3,4,5,6,7,8,9, i0, i, 12, 13, 14tl5,16

NDV 1.239NA -- 1.000MA
NDV 1.471NA -- 1.O00MA
NOV 1.50ONA -- 1.O00MA
NDV 1.461NA -- 1.O00MA
N V 1.554NA -- 1.O00MA .
NDV 1.389NA -- 1.000MA .
NDV 1.575NA -- .O000MA
NOV 1.357NA -- 1.O00MA
NOV -1.421NA -- 1.O00MA
N V 1.354NA -- 1.000MA.
NDV 1.346NA -- 1.000MA
NOV 1.31BNA -- 1.O00MA
NOV 1.207NA -- L.OOMA -

NtiV 1.393NA --. 0,MA
NOV -. 193NA -- 0,)MA
NDV -1.321NA -- .c,0MA.

NDVR ------ 2.17iNA -- .O00MA .
NDVR- --- -- - 2-.057NA -- 1.000MA -

NBVR- ------ 1.804NA -- I.0OOMANOR------------1R4A-- ,.O00M A
NtiVR ------ 1.775NA -- 1?.OMA
NDR-----------1.719NA 1-0 1 CM A
NBVR ------ 2.039NA -- , . --
NDVR ------ 1.90ONA -- 1.,OMA-
NDVR 1.83NA -- I. 00M4
NDVR ------ 1.3351JA -- 1 .O0,MA, .:.
NDVR- ------ 1.844UA -- 1.00C, MA
NtVR ------ 1.584UA -- 1.O00MA .
NYR - ----- 14.S7UA -- 1.O00MA
NDVR ------ 10.99UA -- 1.000MA
NOVR ------ 2.33UA -- 1.00MA.
NVR------- ---- -- - ,16.UA 1. MA
N1VR ------ 2.19SUA -- I.OOOMA
NDVR ------ 2.353UA -- 1.O00MA
NDVR ------- 10.6:UA - 1.000MA
NOVR ------- 1.952UA 1.O00MA •
NDVR ------ 1.865UA -- u•,OMA
NrIVR - ----- 1.534UA -- 1 MA
NBVR - ----- 1.503UA -- 1.00MA
NrVR ------ 1.548UA -- i.O00MA
NDVR- ------ 1.381UA -- 1.O00MA
NIVR ------ 1.129UA -- 1.O00MA
NrVR - - ---- 1.273UA -- 1.O00MA
NDVR -- -----. 4ISUA -- l..000MA •
NDVR-- - ----- 1.78UA -- 1.000MA

Figure V.G.14 - Average Leakage Current at Initial Electrical Test (Cont.) S
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FILE UID :153 SERIAL NUMER - VARIOUS

TESTED AT 25 DEG. C INITIAL TEST
ON 31 OCT 83 AT 14:22 WITH THE 3260 TEST SYSTEM

TEST MEASURED L I M I T S
FAIL TYPE VALUE MINIMUM MAXIMUM

PIN AVERAGE OF SERIAL NUMPERS:
3,4,5. 6, 2, 8 , 9,10,i 12,13,14,15, "16

NDVR ---- - ---- 2,040UA -- 1.00MA
NDVR- - ----- 2.199UA -- . Ou.MA
NDVR- --- - -- 1.583UA -- I.O00MA
NDVR - ----- 14.33UA -- .O00MA
NHVR ------ 14.42UA -- I .00MA
NDVR- ------ 17.28UA -- 1.OOMA
NDVR- ....------ 5.111UA -- 1 O'OMA
NIVR- ------ 5-.378UA -- .OOOMA
NDVR ------ 3,169UA -- 1.OOMA
NDVR ------ 2.726UA -- 1.000MA " •
NDVR- ------ 2.535UA -- 1. O00MA
NHVR- ------ 9.574UA -- 1o00MA
NEIVR 15.24LJA -- I . O)MA
NDVR -------. 146NA --
ND'.R ---------. '64NA -- 1 . '>,)CMA

NDVR ------ -I.56NA -- .
NDVR ------ 11 .59NA -- l.O0,eMA

NDVR - ---- 1.NA -- 1.000MA
NDVR ------- -- - - ---- -- -2.5ONA -- 1.
N'VR- ---- 12.0NA ---------------2"1.0" OMANDjVR - - - - - - 121 0NA I. ,0'.MA " - 'NDVR-----------------I.,50NA -- 1.CO0OPA " . ."

NI'VR ------ 11.23NA -- ,)
U''.'R----------O.S1NA -- 1 .- C,,"
NI'VR - - ---- .32NA -- 1 ,0OCMA .-
NDVR - - ---- -- .68NA -- I. .'KOrA - -
NI(-'-R - - - - -- .41NA -- 1 . 0,r- -

- 14.93NA -- I . MA
NIVR~~ - - - - _57NNDrVR---------------4, O NA -- 1 ,.Q,3tiA" ."-...-".

NDVR ------------- 15o72NA -- 1. OC'OMA"--;-""-'.

NDVR ------ 14.61NA -- 1.O00MA- "

Figure V.G.14 -Average Leakage Current at Initial Electrical Test (Cont.) S
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MARTIN MARIETTA AEROSPACE -- DENVER DIVISION -- PARTS EVALUATION LAB q

FILE UID :153 SERIAL NUMBER - VARIOUS -. "
TESTED AT 25 DEG. C INITIAL TEST ,..
ON 31 OCT 83 AT 14:31 WITH THE 3260 TEST SYSTEM ".--

-.... ,...4

TEST MEASURED L I M I T S
FAIL TYPE VALUE MINIMUM MAXIMUM

PIN AVERAGE OF SERIAL NUMBERS:
17,18,9,20,21,o22,23,24,92,9.6,27,28,29,30

NDV 832.1PA -- 1.O00MA
NOV 678 6PA -- 1.QQOrMA
N[.V 500.OPA -- 1 ,OOnA
NDV 482.1PA -- 1.O00MA
NOV 517.9PA -- 1.O00MA
NOV 382.1PA -- 1.0O00MA
NDV 489.3PA -- 1.O00MA
NDV 475.OFA -- 1 .O00MA
NOV 375.0PA -- 1 O00'MA
NDV 3.379NA -- 1.O00MA
NDV . 3.11lNA -- 1.OOOMA
NDV 3.011NA -- . 00A M A

ND' - - 4.38NA -- 1O00MA - .
NDV 2.971NA -- 1.O00MA
NDV 1.946NA -- 1.O00MA
NDV 4.143NA -- 1.O00MA
NOV 1.954NA 1 .O00MA
NDV 1.839NA -- 1.00MA
NDV 3.768NA -- 1.O00MA
NDV 3.896NA -- 1.O.0MA
NDV 4.Z71NA -- I. OOMA
NDV ------ 4.8540JA -- 1.OOMA
NOV 4.S3tHA 1.O00M'
NOV 4.807NA -- 1.O0MA
NOV . 4.900NA -- I.O00MA
NI,'- 5.507NA -- 1. O 0rA
NOV 5. 436NA -- 1.O00MANOV 4.711NA -- 1OO0MA

NDV 5.179NA -- 1.O00MA
NDV 5.921NA -- 1.O00MA
NOV 6.768NA -- 1.O00MA
NDV 5.443NA -- 1.O00MA
NDV 6.132NA -- 1.000MA
NDV 4.446NA -- 1.OOOMA
NDV 3.979NA -- I.OOOMA
NDV 3.507NA -- l.O00MA 6
NOV 2.839NA -- 1.O00MA
N V 2.386NA -- 1.O00MA-
NOV 2.186NA -- 1.OOOMA
NOV 2.725NA -- 1.O00MA
NDV ------ 3.911NA -- 1.OOOMA
NDV 3.768NA -- 1.OOOMA
NDV 1.189NA -- 1.O00MA
NDV 407. IA -- 1 .00M

t Figure V.C.14 -Average Leakage Current at Initial Electrical Test (Cont.)
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FILE UID :153 SERIAL NUMBER - VARIOUS 0
TESTED AT 25 IEG. C INITIAL TEST
ON 31 OCT 83 AT 14:31 WITH THE 3260 TEST SYSTEM -- -

TEST MEASURED L I M I T S
FAIL TYPE VALUE MINIMUM MAXIMUM . -

PIN AVERAGE OF SERIAL NUMBERS: 0
17,18, 19,20,21 223,24,25,26,27,28,29,30

NDV 1.300NA -- 1.000MA
NDV 1.236NA -- 1.000MA
NDV 18.79NA -- 1.O00MA
NDV 8.393NA -- 1.O00MA
NDV 1o311NA -- 1.OOOMA S
NDV 1.461NA -- 1.000MA
NDV 1.207NA -- 1,O00MA
NDV 1.439NA -- 1.O00MA
NDV 1.189NA -- 1.000MA
NOV 1.311NA -- 1.000MA-
NDV 1.332NA -- 1.0000A
NDV I .054NA -- 1.O00MA
NDV 1.339NA -- :,'q. , ..
NDV - -- - - - 1.OS4NA
NiV 1.325NA --
NDV -. 111NA -- , ,I ,

NDVR ------ 2.957NA -- 1.OOOMA
NVR 2.121NA -- 1.O00MA"
NDVR ------ 1.768NA -- i.00MA
NDVR- ------ 1.764NA -- 1000MA
NtVR ------ 1.611NA -- 1OOOMA
NDVR - - ---- - .450NA -- 1.O00MA
NE'VR ------ 1.614NA -- 100C'-MA
NVR- ------ 1.446NA -- 1.00MA
NDVR- ------ 1.418NA --
NDVR ------ 47.42UA -- 1.O00MA
NDVR ------ 39.8IUA -- 1 .3000A
NDVR ------ 31.70UA -- 1.O0OMA - .
NDVR ------ 28.98UA -- 1.O00MA
NDVR ------ 11.51UA -- 1.000MA
NDVR ------ 2.71OUA -- 1.O00MA
NDVR ------ 16.84UA -- 1.OOOMA
NDVR 2.035UA -- 1.000MA
NE'VR- ------ 1.775UA -- 1.000MA
NBVR ------ 10.14UA -- 1.OOOMA
NDVR ------ 64.59UA -- 1.O00MA S
NDVR ------ 76.56UA -- 1.O00MA
NDVR ------ 77.73UA -- 1.OOOMA
NDVR ------ 78.36UA -- 1.O00MA
NDVR ------ 78.32UA -- 1.O001A
NDVR ------ 79.O0UA -- 1.00uA " -
NrVR ------ 79.12UA -- 1.O00MA
NDVR ------ 79.79UA -- 1OOOMA
NDVR ------ 80,65UA -- 1.000MA - 9
NDVR ------ 82.15UA -- 1.O00MA

* Figure V.C.14 -Average Leakage Current at Initial Electrical Test (Cant.)
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FILE UID :153 SERIAL NUMBER - VARIOUS

TESTED' AT 25 DIEG. C INITIAL TEST
ON 31 OCT 83 AT 14:31 WITH THE 3260 TEST SYSTEM

TEST MEASURED L I M I T S
FAIL TYPE VALUE MINIMUM MAXIMUM

PIN AVERAGE OF SERIAL NUMBERS:
17,1,19, 2p,2-2, 23,24,,25 2627 28, 29v30

NDVR ------ 85.53UA -- IO00MA
NDVR ------ 97.66UA -- 1.000MA

NDVR ------ 110.6UA -- 1.000MA
NCVR ------ 105.4UA -- 1.O00tA
NDVR ------ 68.OOUA -- 1.000MA
NDVR ------ 52.20UA -- 1.O00MA
NDVR ------ 28.10UA -- 1.000MA
NDVR ------ 19.61UA -- 1.000MA
NE'VR- ------ 4.500UA -- 1,O00MA
NDVR- ------ 2.89SUA -- 1.000MA 6
NDVR- ------ 5.966UA -- 1.000MA
NDVR ------ 32.39UA -- 1.000MA
NDVR ------ 30.86UA -- I . OOOlA
NDVR ------ 24.82NA -- l,'OOMA
NDVR ------ 2.082NA -- 1.O00MA
NDVR -- 8---- --- 11.BSNA -- 1.OOOMA
NDVR ------- 11:40NA -- 1.O00MA
NDVR ------ 5504NA -- 1000MA
NDVR ------ 32.25NA -- 1,000MA
NDVR ------ 12,95NA -- 1.OOOMA , .

NE'VR- ------ 11.80NA -- 1.000MA " -

NDR ------ 11.79NA -- 1.OOOMA
NDVR ------ 12.55NA -- 1.O00MA
NDVR------ 1252NA ----- O--MA''...-
NDVR ------ 14.04NA -- 1.000MA
NDVR --- --- 13.SONA -- 1.00MA -
NDVR ------ 13.89NA -- 1.000MA
NDVR ------ 2286NA -- 1.O00MA
NDVR ------ 22.99NA -- 1.O00MA
NDVR 21.66NA -- 1.000MA
NDVR- ---- 19,NA -------- MA------.I..-'.-_OM

Figure V.0.14 -Average Leakage Current at Initial Electrical Test (Cont.)-
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MARTIN MARIETTA AEROSPACE -- DENVER DIVISION -- PARTS EVALUATION LAB-

FILE UID :153 SERIAL NUMBER - VARIOUS
TESTED AT 25 DEG. C P22SOU STRESS
nN 10 DEC 83 AT 12:51 WdITH THE 3268 TEST SYSTEM

TEST MEASURED L IM IT S. -

FAIL TYPE VALUE MINIMUM MAXIMUM.

I PIN AVERAGE Or SERIAL NUMBERS:

NOV 2.58SNA -- 1.0SSMA
NDV ------ 8.47BUA -- 1.660MA
NDV 1Z.S1NA -- .SSMA
NDV ------ 43.6SUA -- 1. SMA
NDV ------ 12.79UA -- 1.06SMA
NDV ------ 86.36UA -- 1.SSSMA
NDV ------ 23.47NA -- 1.089MA
NDV 19.04NA -- 1.0SSMA
NDV ------ 8..Z3INA -- 1.603MA
NDV ------ 3.53GNA -- 1.SS0IA
NDV 3.95SNA -- 1.080MA
NOV ------ 3.585NA -- 1.6USMAmNDV ------ 5.823NA -- 00M
NOV -- I---- 4.65SNA 1.806UMA
NDV - .681NA -- 1.006MA
NOV -S 7.38NA -- 1.060MA
NOV ------ 2.731NA -- 1.000MA
NOV --- 2.819NA -- 1.SSSMA
NOV ------ 26. iSNA -- 1.096"A
NOV --- 3 658NA -- .SSSMA
NOV --- 3:75 NA 1- 1. MA
NOV --- 3.642NA -- 1.006MA
NOV ------ 3.66ZNA 1.9ISUMA
NOV ------ 3.538NA 1- ISIMA
NOV --- 3.65aNA -- 1.USSMA
NOV ------ 3.668NA -- 1.008MA
NOV ------ 3.47?NA -- 1.0a@MA
NOV -3-- -- -A -- ISIMA
NOV - 3. 5,42 NA -- 1. SMA-
NOV------------------3. A SNA 1.00SOMA
NOV --- 3.78SNA -- 1.SSSMA
NOV a 58SNA -- 1.SSSMA
NOV 4 55 NA 1- 1. MA
NOV ------ 4.4S4NA -- 1.SSSMA
NOV ------ 4.488NA -- 1.000MA
NOV ------ 3.S95NA -- 1.008MA
NOV ------ 3.785NA -- 1.SSSMA
NOV ------ 3.3S4NA -- 1.060MA
NOV ------ 3.423NA -- 1.USSMA
NOV------------------3.535NA -- 1.900MA
NOV ------ 3.968NA -- 1.060MA
NOV ------ 4.2Z7NA -- 1.868MA ..

NOV ------ 1.442NA -- iSS MA .-

NOV --- 29.84UA -- ISSMA

Figure V.G.15 -Average Leakage Current after +225() Volt Stress
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FILE UID :153 SERIAL NUMBER -VARIOUS

TESTED AT 25 DEG. C P2256V STRESS,ON 10 DEC 83 AT li:51 WITH THE 3260 TES SYSTEM

TEST MEASURED L IM I TS
AIL TYPE VALUE MINIMUM MAXIMUM

PIN AVERAGE 0f SERIAL NUMBERS:
3.4, 5.6. 7.8. 9.16.11. IZ. 4,15,16

NOV -Z .106HA -- 1.688MA
NOV -Z -- .0I5NA -- 1.008MA
NOV ------ 2.4ISNA -- 1.8SIMA
NOV -Z .696NA -- 1.000MA
NOV ------ 2.392NA -- .986MA
NOV - .6SNA -- 1.900MA
NOV ------ 2.219NA -- 1.866MA
NOV ------ 2.21SNA -- 1.00UMA
NOV ------ 2.000NA -- 1.000MA
NOV ------ 2.28INA -- .000MA
NOU 1.946NA -- .806MA
NOV ------ 2.1iNA -- 1.000MA
NOV - .000NA -- 1.008MA
NOV ------ 2.199NA -- .000MA
NOV ------ 2.985NA -- .SISMA
NOV ------ 1.946NA i. 1.9MA

NDJR------------------.86NA -- .088IA
NR-----------------12.98UA -- 1.6MA
NDR----------------42.75NA -- 1.00BMA
NUR------------------.68UA -- 1.000MA
NOUR-----------------289UA -- 1.006MA
NDVR-----------------173.9UA -- 1.0OUMA
NUR------------------.75NA -- 1.606MA
NOVR-----------------65.75NA -- 1.0BSMA
NOUR-------------36.21NA -- 1.000MA *.---

HOUR-----------------967.NA -- 1.966MA .

NOV-----------------1.298UA -- 1.060MA
NDVR-----------------1.133UA -- 1.000MA
NDVR------------------.275UA -- 1.906MA
NOVR-----------------6.442UA -- 1.009MA
NDVR-----------------1.377UA -- 1.096MA
NDVR-----------------1.7UA -- 1.6SUMA
NR-----------------1.396UA -- 1.0UIMA
OR------------------.4OZUA -- 1.UBUMA
NOVR-----------------6.2UIUA -- 1.8ISMA
NOVA-----------------1.358UA -- 1.9SUMA
NOV-----------------1.382UA -- 1.0OIMA
HUR-----------------1.88SUA -- 1.009MA
NOVR-----------------1.05SUA -- 1.000MA0
NOV-----------------1.696UA -- 1.000MA
NOVA-----------------990.1NA -- 1.808MA
NUR------------------2.5NA -- 1.806MA
NR-----------------913.UNA -- 1.66A
NOVA-----------------1.SI6UA -- 1.000MA
NOVA-----------------1.24SUA -- 1.6Sf-A

Figure V.G.15 -Average Leakage Current after +2250 Volt Stress (Cont.)
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FILE UID :153 SERIAL NUMBER -VARIOUS

TESTED AT Z5 DEG. C P22SSU STRESS0
ON IS DEC 33 AT 12:S1 WITH THE 3263 TEST SYSTEM

TEST MEASURED L I MIT S
AIL TYPE VALUE MINIMUM MAXIMUM

PIN AVERAGE OF SERIAL NUMBERS:

UR-----------------1.404UA -- 1.SUSMA
NDVR------------------13UA -- 1.SSSPIA
NR-----------------1.1USUA -- 1.eSSMA
NDUR------------------.7UA -- .S6IA
HOUR-----------------7.99SUA -- 1.000MA
OUR-----------------9.553UA -- .8USMA
NDUR-----------------3.6UA -- 1.886MA
UR-----------------3.27SUA -- 1.USUIIA
UR-----------------1.SS4UA -- 1.888MA

NDR-----------------1.76DUA -- 1.0ISMA
HUR-----------------1.665UA -- 1.806MA
HUR-----------------5.417UA -- .089MA
NR------------------.791UA -- .006MA
HR-----------------9.377HA 1. I.OSSMA
NDVR-----------------1.3UA -- i.00SMA
HOUR-----------------12.23HA -- .869MA
HOUR------------------.09A -- .8ISMA

*~V HR ----------------12.15HA -- 1.90SMA
UR-----------------14.S3NA -- .80SNA
OUR-----------------12.4SNA -- .SSIMA
HOR-----------------11.97NA -- .880MA
HOUR-----------------12.38NA -- .806MA

*~~NV -HR---------------1.99NA -- 1.006MA
HOUR-------------- - - 1'.SNA -- i.0SMA
HOUR------------------i.92NA -- .060MA

* - HODUR-----------------12.ISHA -- .888MA
* ~ ~V HO ----------------11.98HA -- 1.060MA -

UR-----------------14.91NA -- .888MA -

HOUR-----------------14.S9NA -- 1.000MA
HOUR------------------5.3A -- .000MA
HOUR-----------------14.45HA -- 1.980MA

Figure V.G.15 -Average Leakage Current after +2250 Volt Stress (Cont.)
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MARTIN MARIETTA AEROSPACE -- DENVER DIVISION -- PARTS EVALUATION LAB

FILE UID :153 SERIAL NUMBER - VARIOUS S
TESTED AT 25 DEG. C P2ZSV STRESS
ON 10 DEC 83 AT 12:58 WITH THE 3269 TEST SYSTEM

TEST MEASURED L I M I T S
FAIL TYPE VALUE MINIMUM MAXIMUM
---- --------------------------------------------------------------

PIN AVERAGE OF SERIAL NUMBERS:
17,18,19,20,21,22,23,24,25,26,27,28,30

NDV 629.8UA -- 1.888MA
NDV -24.2UA -- 1.8S9MA
NDV ------ -26.ZUA -- 1.88BMA
NDV 234.ZUA -- 1.B9SMA
NDV 106.SUA -- 1.0BMA 5
NDV 236.2UA -- 1.000MA
NDV 226.6UA -- 1.080MA
NDV 349.UA -- 1.a00MA
NDV 113.SUA -- 1.000MA
NDV 5.277NA -- 1.000MA
NDV 4.181NA -- 1.000MA
NDV 78.73UA -- 1.OBOMA

NDV 4.592NA -- 1.000MA
NDV 238.9UA -- 1.000MA
NDV 167.7UA -- 1.008MA
NDV 479.1UA -- 1.BBMA
NDV 47Z.4UA -- 1.000MA
NDV 157.5UA -- 1.B8SMA

NDV 159.5UA -- 1000MA
NDV - 4.138NA -- 1.BMA
NDV 78.74UA -- 1.00MA
NDV 5.404NA -- 1.B69MA
NDV 78.74UA -- 1.060MA
NDV 6.435NA -- 1.800MA
NDV 78.74UA -- 1.000MA
NDV 6.165NA -- 1.080MA
NDV 78.74UA -- 1.000MA
NDV 5.404NA -- 1.000MA
NDV 5.454NA -- 1.OaSMA
NDV 6.769NA -- 1.008MA
NDV 78.74UA -- 1.BO0MA
NDV 6.523NA -- 1.880MA
NDV 6.677NA -- 1.000MA
NDV 78.74UA -- 1.000MA

NDV 4.815NA -- 1,0MA
NDV 5812NA -- 1.8BMA

NDV 78.74UA -- 1.08OMA
NDV 157.5UA -- 1.000MA 0
NDV - - 12B.4NA -- 1.6BOMA
-DV - 2.992NA -- 1.000MA
NDV 157.SUA -- 1.0BBMA
DV - 4.627NA -- 1.008MA

NDV 934.5UA -- 1.080MA
NDV 689.9UA -- 1.S00MA

Figure V.G.15 - Average Leakage Current after +2250 Volt Stress (Cont.)
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FILE UID :153 SERIAL NUMBER -VARIOUS

TESTED AT 25 DEG. C P2250V STRESS
OH 18 DEC 83 AT 12:58 WITH THE 3260 TEST SYSTEM
-----------------------------------------------------------------------------------------

TEST MEASURED L I MI TS
AIL TYPE VALUE MINIMUM MAXIMUM

-----------------------------------------------------------------------------------------

PIN AVJERAGE OF SERIAL NUMBERS:
17-18,19,20,21,22,23,24,25,26.27,28.39

NOV ------ 78.73UA -- 1.800MA
NDV ------ 66.61HA -- 1.000MA
NOV -? -- 7.75UA 1.800MA
NOV ------ 9.919NA -- 1.000MA
NDV ------ 9.335HA -- 1.880MA
NOV ------ 4.569NA -- 1.8MA
HDU 78.73UA -- 1.808MA
NOV ------ 6.LOBHA -- .600MA
NOV ------ 1.942NA -- 88M
NOV --- 1.846HA -- 1.800MA
NOV ------ 1.9?3NA -- 1.898MA
NOV ------ 1.669NA -- 1.060MA
NOV --- 3.031NA -- .000MA

*NOV ------ 1.819NA -- 1.88MA
NOV ------ 5.68iNA -- 1.860MA
NOV ------ 3.204NA -- 1.898MA

NDVR-----------------629.UA 
-- 1.00UMA

NDVR-----------------315.8UA 
-- 1.090MA

NOVR--------------78.76uA 
-- 1.000MA

NOVR-----------------314.9UA 
-- 1.hueMA

NDVR-----------------157.5UA -- .amSMA
NDVR-----------------236.2UA 

-- 1.060MA
HOVR----------------314.9UA 

-- 1.800MA
HOUR-----------------33.7UA -- .888MA
OR-----------------157.5UA 

-- 1.888MA
NOUR-----------------25.95UA 

-- 1.008MA
NDVR----------------2.7UA -- 1.880MA
NDVR----------------9.63UA 

-- 1.000MANDVR----------------13.93UA -- 1.090MA
NOVR-----------------317.4JA 1.088MA
HOUR-----------------31S.2UA 

-- 1.008MA
HOUR-----------------567.3UA -- 1.088MA
HOUR----------------473.3UA 

-- 1.000MA
HOUR------------------ 8.UA -- 1.008MA
HOUR------------------A.UA 

-- 1.8BUMA
HOUR-----------------37.23UA 

-- 1.008MA
HOUR-----------------138.3UA -- .aSOMA
HOUR-----------------5.99UA 

-- 1.888MA
HOUR-----------------142.OUA -- .BBSMA
HOUR-------------61.85UA - 1.060MA
HOUR--------------144.6UA 

-- 1.000MA
HOUR------------------6.03UA 1.08M

*NV HOR--------- --- 159.4UA -- 1.080MA
HOUR-----------------60.96UA - 1.000MA
HOUR------------66.45UA - 1.008MA

* Figure V.G.15 -Average Leakage Current after +2250 Volt Stress (Cant.)..
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FILE UID :153 SERIAL NUMBER - VARIOUS
TESTED AT 25 DEG. C P2ZSV STRESS
ON 10 DEC 83 AT 12:s WITH THE 3260 TEST SYSTEM

TEST MEASURED L I M I T S
AIL TYPE VALUE MINIMUM MAXIMUM

PIN AVERAGE OF SERIAL NUMBERS:
1?.,18,19,26,21,Z2,23,24,25°.2, 27,28,3m

NDVR - ------ 4.U -- 1.08MA
NDVR ------ 17U.U -- O1.0MA
NDVR ------ 94.SU -- 9 A1.0MA
NDVR ------ 84.4U -- 1.SSMA
NDUR ------ 115.5UA -- 1.9O6MA
NDVR ------ 27.36UA -- 1.SSMA
NDVR ------ 14.L8UA -- 1.SSSMA
NDVR -------. 41UA -- 1. RMA
NDUR - -----. SU -- 1 A1.8MA 5
NDUR ------ 15.?UA -- 1.IMA
NDVR ------ 3.2UA -- 1.i008MA
NDVR ------ 174.SUA -- 1.0S0MA
NDVR ------ i6.S6UA -- 1.00OMA
HOUR ------ 944.SUA -- 1.8SSMA
NDUR ------ 866.SUA -- 1.S0SMA
NDUR ------- 7.76UA -- 1.9SIMA
HOUR- ------ 78.75U-A 1.OOMA
NDJR ------ ?.7?UA -- 1.ISMA
NDVR ------ 53.63NA -- 1..6.MA
HOUR ------- 12.4NA -- 1.I.'MA
NOU-R ------ 83.13NA -- .IS-MA
NOUR- ------ 78.79UA -- 1.O-MA
NOUR ------ 291.SNA -- 1.SIMA
HDVR ------ 1T.SN -- 1.SMA
NDVR ------ 25.SN -- O1.8MA
NDVR - ------ ?.SN -- .SS1.-MA
NDVR ------ 16.3N -- O1.06MA
NDUR- ------ 55.55NA -- 1.8-MA
NDVR ------ 26.62NA -- 1I00MA
NOVR ------ 86.17 -- I.008MA
NOUR ------ 35.28NA -- 1SISMA

Figure V.G.15 - Average Leakage Current after +2250 Volt Stress (Cont.)
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0

Number of Failures at Pin Locations

10 12 13 15 17 18 21 22 23 24 25 Voltage

13 1 +750

5 -750

1 12 1 +1000

- - -O1O-1000

1 1 13 3 1+1250-
- 1 '_ _1 5 -1250

_ ', _ 3 +1500 - -

2_________ 8 6 -1500

S_ 0 +1750

________102 -1750

2 5 1 31 +2000

2 3- -00021 1,2. ,

. 2[zi 4 + -..6_.

Figure V.C.16 - CD Stress, Cumulative Leakage Failures

(Total of 13 parts)
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MARTIN MARIETTA AEROSPACE -- DENVER DIVISION -- PARTS EVALUATION LAB

FILE UID :153 SERIAL NUMPER - VARIOUS
TESTED AT 25 DEG. C N750V STRESS
ON 17 NOV 83 AT 08:27 WITH THE 3260 TEST SYSTEM " -

TEST MEASURED L I M I T S .'-'

FAIL TF'E VALUE MINIMUM A];ur - -

PIN AVERAGE OF SERIAL NUMFERS:
118, 19,20,21, 22 23, 24 , .. 2., 2 , 2?7028,.r

NV-------- -1 1 .04mFINT N ,7 I
NDV ------ 22 1.75NA -- 1.
NOV ------ 25 9.50UA -- .
NDV ------ 2.4 1.319UA --

NDV ------ 23 19.1ONA -- 1 • .
NDV -------- 13 3.123NA --
NDV - - - - - - 12 44-29NA I-[ {,,
NDV . .. .. . 2: 609.3UA -- I

NDV ------ 10 ". 4NA I-- .,-

NDV ---- 25 3.219NA INPUT -- 1., Y

NOIV -, 3. O.NA OUPUT -- '.

NDV -- - ---- 26 2. ?27.A -, "
NOV ------ 20 4.012 -0-
NOV - ----- 19 2.746NA --

NOV ------ 6 1.738NA
NOV-----------9 3.219NA- iOez
NDV ------ 7 1.715NA -- 1.OOMA
NDV - ----- 8 1.7?3NA -- t.'',MA

NDV ------- 11 3.104NA -- 1.OO0M; S
NOV ------ 29 3.738NA -- 1.00MA .. .
NOV-----------30 4.231NA M4,:
NOV ------ 31 4.569NA --
NDV ------ 32 4.' OHA --

NOV - ----- 33 4. :1N - .. "
NrV - ----- 34 4.tC,_JA -- 1. .". . .

NrV - - ------- 35.O A --. ,.' ,.
NOV ------ 36 5.O4oNA --.. 0
NDV ------ 37 4.323NA -- l. ,,'MA - 0
NDV ------ 38 4.612NA -- 1. -,A

NOV ------ 39 5.600NA --. )MA
NOV----------- 40 .. 265NA -- 1 ..),0
NDV - - ---- 41 5.246NA -- 1.,AMA
S11V ------ 42 71SNA -- D . .
NOV - ------- 3 4.O00NA -- .,-' A

NDV - ----- 44 3.6 12NA - I MA
NOV - - ---- 45 3.1-3NA -- .,,A
NDV ------ 46 2.,546NA -- 1.0: m,
NOV -- ---- I--------"--"----"NA
NDV ------ 48 2.OINA -- 1 ,OA.
NDV ------ 50 2.27NA -- .,m"I
NOV ------ 51 3.362NA -- l.OM-
NOV - ------ 52 3.3INA OUTPUT --
NOV - ----- -18 2.'1 NA I -- 1 . m,
NOV ------- 7 414.0UA I'n -- C,

Figure V.G.16a - CD Stress, Average Leakage Current Values
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FIL.E UI' :153 SERIAL- NUMB~ER - ARIOUS6
TESTED AT 25 DEG. C N750V STRESS
ON 17 NOV 83 AT 08:27 WITH THE 3260 TEST SYSTEM

TEST MEASURED L I nl I T S
FAIL TYPE VALUE hINImlin MPIImum

PIN AVERAGE OF SERIAL. NUMBERS:.
17.18w19,20,21,2292.24 .25.26,¢27'28;30

PIN FUNCTION-
--------- --5 1.112NA I/O iMA
V--------- -4 1.381NA --1.OMA

T IV -A ----- - 3 14.2MA 1 50 T SMA
IV--------------2 7.4621NA -- 1,OOOMA
1 NDV - - - - T-- 1.296NA ETOSYTEMA.

NEW-------------64 1.1OSNA -- 1. OCOMA
IV-------------63 1.25OMA -- 1.O0OMA

NEST M- - - - - - 62 1I.02MA 1 ..MA
A IV - ---- - 61 1 .27IA - 1 A IU
NV-------------60 1 .OS4NA -- 1 . 0O)rtA;
Miv------- -,25 9 1. ONA ,. 1 "M
NV--------------8 1.-06 9 NA -- I'.)O~t -- - '
NOV ------- 5 1.GS4NA 0-- l OO0riA -

NLIV------------5 1.l7T1NA -- 1.O00:2''- '

NDV ------- 1.15NA -- 10"mA

NDV - - -6 N -- - -O5A

N-V 54 1.223NA I-- ..OMA

Figure V.C.16a -CD Stress, Average Leakage Current Values (Cant.)
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NDVR reading Voltage

1 00

20 -500

7 +750.

40 -750

45 -1000 0

31 +1250

88 -1250

88 -1500

145 +1750

4 -1750

278 -2000

4 +2250

Figure V.G.17 -CD Leakage Current on SIN 30, Pin 10 (Nanoamps)

Pin Number

2 1 2 6 9 9 3 4 2 2 1 Leaky
1~ 2 i I 1 2 3 1 2 Normal

S

Figure V.G.17a- CD Stress, Failure Summary

0

204



j e.

IIL

Figure V.G.19 -Pin 15 Clock Input
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AS

Figpure V.C.2n Pin 8 Output

MS

Figure V.C.21 -Pin W$ Input/Ouitput
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0

Figure V.C 2 Pin 17es, g and 1he Input
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p.40

rr

Figure V.G.24 -CD Stress, Damage at Pin 10 Inputs

7,IM h

Figure V.C.? CD Stress, Damage at Pin 12 and 13
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0

PI 1

Fi gureA .26 -CD Stress, Damage on Pin 15

Figure V.C.27 -CD Stress, Short on Pin 7 Output
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PIN 17 PN1

1has) 0

Iv J

Figure V.G.28 - CD Stress,Pin 17 is Open to the Output Section and Pin 18

hsLeakage Current

I 01

IN 17'PIN 18

Figure V.G.29 - CD Stress Pin, 17 Has Leakage Current and Pin 18 is Open to

m the Output Section
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MARTIN MARIETTA AEROSPACE -- DENVER DIVISION -- PARIS EVALUATION LAB

FILE UID :153 SERIAL NUMBER - VARIOUS
TESTED AT 25 DES. C N2250V STRESS
ON 13 DEC 83 AT 06:45 WITH THE 3260 TEST SYSTEM

TEST MEASURED L I MIT S
FAIL TYPE VALUE MINIMUM MAXIMUM

PIN AVERAGE OF SERIAL NUMBERS:

?IN FUNCTION

NOV------------15 2.115NA 2X11?UT -- 1.OOOMA
NDV------------22 7.976UA -- 1.OOOMA
NDV----------------25 10.83NA -- 1.OOOMA
NV------------------24 40.48UA -- 1.OOOMA
NDV------------3 12.21UA I -1.OOOMA

NDV----------------13 30.63UA -- 1.OOOMA
NDV------- -- ---- 2 12 .73NA -- 1.0OMA
NDV---------------1 12.NA j -1.O00M

NDV----------------10 7.473NA -- 1.OOOMA
NDV--------------28 3.412NA !%'PUT -- .OQOMA
NDV--------------- .SN OUTPUT - .OM

ND---------------2 3.442NA -- 1.OOOMA

NDV----------20 5.288NA -- 1.OOOMA
NDV-----------------1 4.346NA -- 1.OOOMA
NDV-------------6 2.442NA -- 1.OOOMA
NDV-----------------9 72.7ONA -- 1.OOOMA
NDV-----------------7 2.38BNA -- 1.OOOMA
NDV-----------------8 2.477NA -- 1.OOOMA
NDV------------11 26.O4NA -- 1.OOOMA
NV----------------29 3.388NA -- 1.00OMA
NDV--------------30 3.469NA -- .OOOMA
NDV--------------31 3.392NA -- .OOOMA
NDV------------32 3.369NA -- 1.OOOMA
NDV--------------33 3-296NA -- 1.OOOMA
NDV------------34 3.369NA -- 1.0OOMA
NDV----------35 3.358NA -- .OOOMA
NDV------------36 3 .246NA -- .OOOMA
NDV------------37 3.304NA -- 1.000MA
NDV------------38 3.327NA -- .OOOMA
NDV----------39 3.392NA -- 1.OOOMA
NDV----------------40 3.596NA -- .OOOMA
NDV----------41 3.231NA -- 1.OOOMA
NDV------------42 4.342NA -- .OOOMA
NDV--------------43 4.204NA -- 1.OOOMA
NDV--------------44 4.254NA -- 1.OOOMA
NDV---------------- 3.665NA -- 1.OOOMA
NDV--------------46 3.512NA -- .OOOMA
NDV--------------47 3.154NA -- 1.OOOMA
NDV----------------48 3.154NA -- .OOOMA
NDV----------50 3.288NA -- 1.OOOMA
NDV----------51 3-742NA -- 1.OOOMA
NDV----------52 4.OOONA OUTPUT -- 1.OOOMA -

NDV---------------8 1.173NA I110 -- OOOMA
NDV----------17 109.8UA I/() - 1.OOOMA

Figure V.G.30 - HBD Stress, Average Leakage Currents with Pin Numbers and
Func tions
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FILE UID :153 SERIAL NUMBER -VARIOUS

TESTED AT 25 DEG. C N2250V STRESS
ON 13 DEC 83 AT 06:45 WITH THE 3260 TEST SYSTEM

TEST MEASURED L I MIT S
FAIL TYPE VALUE MINIMUM MAXIMUM

PIN AVERAGE OF SERIAL NUMBERS:
394p5#6p7y8p9pl0tl1,12vl4pl5,16

PIN F!LYCTION
NDV------------------5 1.688NA I/c' - 1.OOOMA
NOV------------4 1.927NA -- 1.OOOMA
NOV------------3 1.BO8NA -- 1.OOOMA
NOV------------2 2.665NA -- 1.OOOMA
NOV--------------- 1.815NA -- 1.OOOMA - -

NOV--------------64 .927NA -- 1.0OOMA
NOV------------63 l.892NA -- 1.000MA
NOV------------62 1.B46NA -- .OOOMA
NOV----------------61 1.942NA -- 1.OOOMA
NOV------------60 1.715NA -- 1.OOOMA
NDV------------59 1.946NA -- .OOOMA
NOV----------58 1.654NA -- 1.OOOMA
NOV------------57 1.B69NA -- .OOOMA -

NOV----------------56 1.78INA -- 1.OOOMA 4i
NOV------------55 1.712NA -- 1.OOOMA
NOV-------------54 1.885NA 1/0 - 1.OOOMA

Figure V.G.3n HBD Stress, Average Leakage Currents with Pin Numh~ers and
Functions (Cont.)
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kA

PINI./d 10I, PIN 11

r r -

• .4) 6.f

Figure V.G.32 - HBD Stress, Damage on Pins 10 and 12

,,.

II

PIN 22 PIN 23 -,

Figure V.C.33 - HBD Stress, Damage on Pins 2? and 23
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H. Part H Analysis

This device is a 16-bit Microprocessor manufactured using HMOS. This

is an N-channel, depletion load, silicon gate process. There are two 0
polysilicon layers and one metallization layer. The minimum polysilicon
width was about 2.5 microns and the minimum metallization width was about
3.5 microns. This was in a 40 pin dual-in-line ceramic package.

An overall die photograph is shown in Figure V.H.I. VCC is pin 40 and

is on the left side of the figure. There are two ground connections, pins

1 and 20. Between VCC, pin 40, and pin 1 there is a bond pad and a wire

which goes to substrate. A similar connection is made between pins 20 and

21.

The VCC bond pad is shown in Figure V.H.2. This metallization

traverses the perimeter of the die to make contact with each of the inputs

and outputs. It also connects to the central sections of the die. It
connects to numerous n+ source diffusions.

The ground pads are shown in Figures V.H.3 and V.H.4. This
metallization traverses the perimeter of the die just inside of the VCC
metallization. S

An input circuit is shown in Figure V.H.5 and the corresponding
schematic is shown in Figure V.H.6. The input resistance measures 700
ohms. At the connection between the metallization and the diffused

resistor is a polysilicon square. This is likely for ESD protection to
reduce the chance of metal fusing into the silicon. The VCC metallization

lays over the edge of the input resistor and produces a gated diode to
substrate. The gate dielectric breakdown was about 33 volts. The input
resistor to substrate and the transistor junction breakdowns were 18 volts.

An output structure is shown in Figure V.H.7 and the corresponding

schematic is shown in Figure V.H.8.

The same type of output configuration is used on combination I/O pins,

however a different input is used. An I/O pin is shown in Figure V.H.9 and
the schematic is shown in Figure V.H.I0.

In this case the input section is connected directly to a polysilicon
gate. All of the outputs are the same electrically however there are three

separate layouts.

Microsections were performed and the construction of the devices
examined. Figure V.H.ll shows a transistor cross-section. The n-type
diffusion was about 0.45 microns, the polysilicon was about 0.5 microns S

thick, and the metallization was about 1.0 micron thick. The oxide between
the polysilicon and the silicon was 0.9 microns thick and the oxide between
the polysilicon and the metallization was 1.1 microns thick.
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Electrical Testing

Electrical data was taken on each of the stressed parts and the control
part at each iteration during the testing. If the parts did not have a - -
leakage failure, the data was not printed except at the initial, +500,
+1000, +1500, +2000, etc., voltage levels. In addition to the leakage

current information by serial number the average leakage current at each
voltage level for each pin was calculated. These data are shown in Figures _ "
V.H.12 and V.H.13. Figure V.H.12 is the initial averages and Figure V.H.13
is the averages following the -2250 volt stress.

The readings taken on the Tektronix 3260 ATE were the input current
leakage of each pin with respect to VCC and GND which were connected
together. The readings were taken at +3 volts (NDV) and +10 volts (NDVR).
This provided information on interface circuit damage. One additional
measurement should have been made to ensure continuity. The failure mode
which developed on several of the inputs was opens rather than shorts and
this was not easily identifiable in this test.

Functional testing was performed on an SDK-86 System Design kit. This
was done after each testing sequence. The operations which each chip was
asked to perform included; system reset, addition, and subtraction. This
is not a complete functional test but does exercise a good portion of the
device. A more complete functional test was used initially and at the end
of the test. This included transferring control to a terminal, modifying
and reading memory and transferring control back to the keyboard. It was
found that if devices passed the first functional they would pass the
latter functional and if they failed the first they would fail the latter.

Charged Device Data Analysis

Fifteen devices, S/N 17 - 31, were stressed with the charged device ESD
simulation model. Serial number 31 was taken through the test and stress
sequence until it failed in order to provide an early indication of the
voltage level which would be required. It failed functionally after the
+2000 volt stress. The remainder of the devices were taken through the

testing sequence and failed functionally as shown in Figure V.H.14. Serial
number 25 was pulled for failure analysis and the remainder of the parts
were left in test to gain further information on input circuit degradation.

The testing was stopped after the +2500 volt stress. Leakage current
failures are summarized in Figure V.H.15. This includes input pins 17, 18,
19, 21, 22, 23, and 33, output pins 25, 26, and 32 and I/O pins 5, 14, 16,
and 39. The measurement used to compile this table was a curve tracer
reading at 10 volts after the final stress. This is in agreement with the
pin averages for leakage current which was taken on the Tektronix 3260.
Figure V.H.16 shows the average values after the +2500 volt stress. These
can be compared to the initial averages shown in Figure 12.

To understand the variation in sensitivities the failure modes and the
layouts need to be understood. Figures V.H.17 - V.H.25 show the layouts.
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Figure V.H.17 - V.H.19 show input/output layouts. The 1/0 in Figure V.H•19
is pin 5 which was very susceptible to the charged device stress but not to

the human body simulation. Two output pins are shown in Figures V.H.20 and

V.H.21. Pins 25 and 26 in Figure V.H.21 failed open during the charged 0

device testing. These pins did not develop leakage current. Figure V.H.22
shows output pin 32 and input pin 33. Figures V.H.23 - V.H.25 show input

pin layouts. Pin 21 in Figure V.H.25 was one of the most susceptible pins
to stress.

Failure analysis found the cause for the increased sensitivity of 0

certain pins to be the physical layout. The damage on several inputs is
shown in Figures V.H.26 through V.H.30. The distance between adjacent n+

diffusions determined the sensitivity. Pins 18 and 19 were the least
sensitive, followed by pins 22 and 23, and pin 21 was the most sensitive.

Additional damage which occurred on the inputs is shown in Figures

V.H.31 and V.H.32. Figure V.H.31 shows a breakdown which occurred between
pin 22 and VCC. Two opens occurred on this pin. The close spacing between

the polysilicon and the VCC metallization caused breakdowns to occur as

shown in Figure V.H.32. This pin was not shorted or leaky when measured.

Pins 25 and 26 were found to fail open as shown in Figure V.H.33. 0
Mechanical probing found these transistors to have normal junction

characteristics. The opens are likely due to these outputs being forced to
interface with shorted inputs during the functional test.

Pins 32 and 33 developed leakage current due to their physical layout.
This was the only output which failed due to leakage current. These pins
are shown in Figures V.H.34 and V.H.35.

The other pin that failed consistently was I/O pin 5. This pin had
gate oxide failures as shown in Figures V.H.36 and V.H.37. The large

ground contact beside the input gate caused this part to be susceptible to

the CD stress but not the HBD stress. The ground metallization capacitance
would discharge through this pin and rupture the gate oxide.

These parts were very tolerant to ESD stress. Slight variations in the

layout could improve this further.

Human Body Discharge Data Analysis S

Fifteen devices, S/N 2 through 16, were stressed with the human body

ESD simulation test method. Serial number 2 was taken through the test and
stress sequence first. It was taken through the -2250 volt level with no
functional or leakage problems. The remainder of the devices were taken
through the testing sequence and failed functionally as follows: +275OV

*S/N 11, +4500V S/N 10, and -5000V S/N 14. These were the only three parts
that failed the functional test. The parts were removed from further

. stress as they failed. Leakage increases followed a pattern similar to
that seen on the charged device models except that pin 5 was not damaged on
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any of the devices. The configuration with the ground metallization beside

the input gate does not create an input that is more sensitive to the human
body ESD simulation.

Figure V.H.38 shows the leakage current averages after the +5000 volt -
stress for the 3 volt reverse bias situation. Pins 17, 18, 19, 21, 22, 23,
32 and 33 exhibited leakage increase. These are all inputs except for pin

32.

The electrical condition of 13 parts as measured on a curve tracer are

shown in Figure V.H.39. The leakage in this case was measured at I volt
reverse bias. There were no opens measured for these parts.

The leakage current increases were created by similar situations on
these parts as compared to the charged device group parts. Figures V.H.40

through V.H.42 show examples. The physical layout variations cause the
same pins and pin combinations to be susceptible to damage. Pin 21 was the S

most susceptible followed by pins 32 and 33.

These devices were found to be the most tolerant to ESD stress of any
group tested. The combination of no current path available to the outside
from the substrate and possibly the polysilicon interface material created ----

this condition. A minor change on pin 21 and 33 could further decrease S
this sensitivity. 1
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Figue VH.1 verll ie Potorap

219
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L k'

.4..... ....

1try

Figure V.P.3 - VC Bond PadPn2
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J6 6

1 6l

* _ 
SD

Figure V.11.4 -GND Bond Pad, Pin 1
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U~U

- # IN

Figure V.H.5 -Pin 18 Input

Q2

QQ3

Substrate

I SD

GGND

Figure V.H.6 -Input Schematic
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vc

CBON

Figure V.11.8 -Output Schematic
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C 6C

Figure V.P.9 -Pin 3 Input/Output vcc

vcc

Q3

BON Q4 0

GND

Figure V.P.10 Input/Output Schematic
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U2OK OM 0.S -

Figure V.H-.11 -Transistor Cross-Section
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FILE I0 . rIIr -EF,-- ,F,:

Al L .,. *. ~T- T
I Cj C
] 

O T ;7 AT 1I: , W 1t THE 2. E l :I.

- -7 - . " -_ -'V.. - - - - - - -

N A VYEflE C r '-lF IA L N U r F

21 3.5. r,-. E- 10,3 5 , 12. 13, 14, -tS It

PIN FUNCTION
. . .... . 21 .31;NA INPUT --

Nr - - 17 103.1F INPUT --

N .' 18 5 ,k., INPUT -t

-. . . . -. . 19 1.5" . INPUT --

-'. 22 fn. F" INPUT --

F. - - - - -.. 23 . INPUT --
NIL - - -- - t 52 Lh IO --1/"
N-- - 33 1 , .n N INPUT -- .'>'

Nr-. - ------- 24 1 050N. OUTPUT -, ,
N-,V ------ 30 550 OUo I/O -- ,
NOV ------ 25 2 IFS OUTPUT --

NV ------ 26 8O3 1 ;, OUTPUT --

4-[ ------ 28 815.F8 OUTPUT --

N - -'- 29 5F:4 4F OU TUT -

NJD,,, 3 2 7S1 3Fi OUTPUT -- , ,.
N V :-1. ;F OUTPUT

N -IV ------ 34 80 . 1F', OUTPUT --

N[,V ------ 16 200.'.NA I/0 --
N-01. . . . - -. 15 7Z-.485 I/O --

N[,V ------ 14 334 I/0 -- 1/0
N V13 659 -'F', I/O -- ., .

NLY" - - - - - 3 1/0D'.. . . . . . . 12 38.25Wr, 1/0 -

-f. - - - - -F I/O -- . -1

NI- - - - - - i n 71 1/O %* '- - 9 c"1- F .:, I/O --- " - -. - '"

N- - - - -- I/O --

N '. - - - - - - 80 . F.
,~- - 6 I/O -- .

- -- '" I/O

-.- - - 3 2 r. I/O...
": •2 I',1 ; , I/O - - . .."

- - • 39 4AF., I/O - -"
-30 ., OUTPUT , I .

37 OUTPUT -.
.36 , OUTPUT -. 0

- 3S ',- OUTPUT

S.. -'.

Figure V..l2 - Average Leakage Currents at Initial Test
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FILE UID : 1L nEK iL HUrBER - YAK 1001

TEETED AT 25 DEG. C INITIAL TE'T
ON 31 OCT 83 AT 13:50 WITH THE 32e0 TEST SYSTEM

TEST MEASUFE[ L I ri I T '
FAIL TYFE 'ALLIE ,I- 'ni NA T MUUm

PIN AVERAGE OF SERIAL NtUhEEFS:
I,1,2,3, 6,7,*8, 9, 0,11 , 2,13, 14, 15 lo

NDVR -------- 1.097MA -- ,.

NDVF--3 NA --- I .- ,a:.
NVR - -------- .5-- - - UA ,

,** H ----N--VR -- - -- I4-- -- I .- -. 1041Gl.
N D --- - ----- 10.23N-,------.--,,,,
ND'R-- ------- 5.925NA --
NH'VR ------- 3.70NA --

NHIR -------- -- - - -- - 3. 447
N -,VR . . . . .. . - 14.46NA -- 0
NY'- - ,- - - --. 277KG -- ,
N- - - 2 50.:r' -- R - - -.

N-[,V ---- - - -- 28.6 NA .,

-. .4 . , A - -- - -4 8r

N D'J V •, -3 N¢ -. - - - ,--

N 11V R -. I n* -- - - -, m -. .. ........

N T VR -'3 5 N -- -, - - ,2 7-7r

H 7IVEA -- - - ,._,,-- .

Nrv , 2 ,-, -- R -,-

3 44NA-

'3 9 ,' -- I - .- - --
;JF',.-----------------2. 337r40 - >),

NEYrR - - - - -2.6 t'A -- ,,,,'-

r~~aD~k 3,S<-NA -- ,'m . . . .

NEYK-,'--------------------- 4 Q- 7 - - !''"

N~b'l . . . . . AK N" ...-. -"

H ~VF' -- - ;IS1 ' .A - - .,-" . ,"

NS

Figure V.H.12 -Average Leakage Currents at Initial Test (Cnt.
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t&F.- r A F f [A ,Al -. C ,, - -- bt;.F ;E I . 5 > ;: - !:, . • .' 0
I TL L E 3 I -

F . ' L . . L I ' . T
ir -; - - - - -' O JT-H -H -: --31 - - - -

V I Mt' . ..

-~~~ ~ ~ ~ -- -- - - - - - - - -* - - - -- - - - - - - - - -

PIN FUNCTION
< T,,, - . . . . . 1 , ! " INP U T '- - - - - - 17 INPUT

-,', -8 -. .: - -". IN P U I •, . '
19 INPUT

-M----------------------------------8 IPt. *. -
- - - - - .22 INPUT
- -23 INPUT

31 - I/O
', - - - - - - 33 . ' " INPUT

- '-.. . . - 24 OUTPUT
- 30-4 1/O0

•25 OUTPU1 - - S
.- . . . . 26 OUTPUT

- ' . . . . . 28 OUTPUT -"

-. ..-.. . 29 OUTPUT --

- 32 - OUTPUT -

- - --- 34 OUTPUT .....
6 1/0

is .-, - -/ -. S 4

,b,., 14 : -'. -F' I/0 ', .,,13 '." ,, 1/0 .. ' ..

Si . ' I/ --
9 I/O -- - - - 9 , " I1/0 ;. """ "

8 r1/0 -
- - - - -

6 -1t' /0
- .- -- - -. . . .. ..
- --.. - '" I/O --

- I/O - -- '"
.-- --- - --- ---- - 2 1/0 ..

- -. . . 39 1" /O -

'If', ------ 38 -- OUTPUT -,

37 - - OUTPUT -
NI- - - - - - - 36 -.- ," UUTPUT --. ,,
4--------------35 , 5. ''', OUTPUT - -"

- - - - - 36 OUTPUT

.- ii ,i

-r - - - - - - 3SOTU

Figure V.H..12 - Average Leakage Currents at Initial lest (Cont.) S
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i~~~ ~ ~~ - -. - ----- ,- - - - -- •-. . ...... .:r . -. .- - ~ ~ r

FILE UI' :152 SERIAL. NUMBER - VARIOUS

TE STEL AT 2S DEG. C INITIAL TEST
,)N 71 OCT 83 AT 14:08 WITH THE 3260 TEST SYSTEM

TEST MEASURED L I M I T S
r L TYPE VALUE MINIsUm MAt IJ1.JM

FTN AVERAGE OF SERIAL NUMBERS:
I.:2*t9. 2,21,22, 23,24, 25 2627, 29,530, 31

rj [,Q -- --, -1----- .024MA -- I. 00 MAaNI'.'R------------------810NA -- . 0A

N141 OUA -- I . ( MA

N F4 Y F 1. 024A -- 1.•QOfl1 MA
[7 S - - -6iA -- i .2C2' A
,€- - - - - - .2 •9Bi -- 1 . 200mG

r2..' 1 .Ot3UA -- . O0,MA

,jr[v-----------875.2N2 -- 1..:OOMA- -- i. 21 6UA I-- 1.00MG

S- 2-5 - -9 A -- 1•.2..^0 00 M

- - - - - - 2. 333UA -- t.OOCIMA
.. .... . -I .-) 0 MA

2"3 434.4tA -- .9 "r " 0 M A

S. - - - 314N 0< ,00 IA

1 1.51UA -- 1 O0.IA
' -. 3HA -- 0-_-M

2 - 12 , -- ,-)0M
- - - - 143.7NA -- IOGMA S

- - - - -114.5NA -- i )O-KMA
NE - ---- - 95.47NA -- 1.320MG'k105. 6NA -- 1 .t0,MA "

- - 10.64 A -

- - - - - - 18.4NA -I 00MA
- - - - - - 251,3M A -- 1 ,30,MA

,'. .. . .. . . .. . ., N A "- "I M A -_ .-

. .. .. . . 327.3 NG -- 1 0',,,:• , . .. . . 140 .fol'NA -- i L') ' A

, - - -.- - 351 . A -- '
r"PR--- ------ 3.633NA --

Figure V.H.12 - Average Leakage Currents at Initial Test (Cont.) •
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MARTIN MARIETTA AEROSPACE -- DENVER DIVISION -- PARTS EVALUATION LAB

FILE UID :152 SERIAL NUMBER - VARIOUS
TESTED AT 25 DEG. C N2250V STRESS
ON 13 DEC 83 AT 06:28 WITH THE 3260 TEST SYSTEM

TEST MEASURED L I M I T S
FAIL TYPE VALUE MINIMUM MAXIMUM .-

PIN AVERAGE OF SERIAL NUMBERS:
3,4,5,6,7,8,9,10,11,12,13,l4,l5,16

PIN FUNCTION

NDV- ------ 2i 29.95NA INPUT -- I.OOOMA
NDV- ------ i? 19.48NA INPUT -- 1.OOOMA
NDV- ------ i 13.94NA INPUT -- 1.OOOMA
NOV ------ 19 14.90NA INPUT -- 1.OOOMA
NDV - ------ --- 11.18NA INPUT -- 1.000MA
NDV- ------ 23 6.446NA INPUT -- I.OOOMA

NDV ------ 31 526.1UA I/0 -- 1.OOOMA
NDV ------ 33 7.332NA INPUT -- 1.00OMA
NDV- ------ 24 2.114NA OUTPUT -- IO00OMA
NDV ------ 30 548.6UA I/0 -- 1.OOOMA

NDV- ------ 2S 2.011NA OUTPUT -- 1.000MA
NDV- ------ 26 2.057NA OUTPUT -- I.OOOMA
NDV ---- -- -28 1.839NA OUTPUT -- 1.OOOMA
NDV- ------ 29 1.989NA OUTPUT -- 1.OOOMA
NDV ------ 32 16.55NA OUTPUT -- 1.000MA
NDV- ------ 27 1.914NA OUTPUT -- 1.00OMA
NDV ------ 34 1.843NA OUTPUT -- 1.OOOMA
NDV ------ 16 3.171NA I/O -- 1.OOOMA
NDV ------ iS 2.171NA I/0 -- 1.OOOMA
NDV ------ 14 1.BO7NA I/O -- 1.000MA
NDV ------- 13 1.968NA I/0 -- 1.OOOMA
NDV ------ 12 2.429NA I/0 -- 1.000MA
NDV ------- 11 1.950NA I/0 -- 1.OOOMA
NDV - - - - --- 10 i1.879NA I/0 -- IOOOMA
NDV ------ 9 1,786NA I/0 -- 1.000MA
NDV ------ 8 1.914NA I/O -- 1.OOOMA
NDV ------ 7 1.739NA 1/0 -- 1.OOOMA
NDV ------ 6 1.954NA I/0 -- 1.000MA .
NDV ------ S 1.804NA I/0 -- 1.000MA

NDV ------ 4 1.907NA I/O -- 1.000MA
NDV ------ 3 1.907NA I/O -- 1.OOOMA
NDV-2 1.839NA I/0 -- I.OOOMA
NDV ------ 39 1.964NA I/0 -- 1.OOOMA

NDV ------ 38 1.714NA OUTPUT -- 1.OOOMA
NDV ------ 37 2.046NA OUTPUT -- 1.000MA
NDV ------ 36 1.743NA OUTPUT -- 1.OOOMA
NDV ------ 3S 1.725NA OUTPUT -- 1.000MA

NDVR ------ 127.2NA -- 1.000MA

NDVR 128.1NA -- 1.OOOMA
NDVR ----- -- -1 M "-- "--50.62NA .'OMA
NDVR ------ 51,59NA -- 1.OOOMA
NDVR ------ 54.05NA -- I.OOOMA
NDVR ------ 23.60NA -- 1.00OMA

Figure V.H.13 - Average Leakage Currents after -2250 volts
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0

FILE UID :152 SERIAL NUMBER -VARIOUS

IESTED AT 25 DEG. C N2250V STRESS
ON 13 DEC 83 AT 06:29 WITH THE 3260 TEST SYSTEM

TEST MEASURED L IM IT S
FAlL TYPE VALUE MINIMUM MAXIMUM

PIN AVERAGE OF SERIAL NUMBERS:

* NDVR-----------------1.024MA -- 1.OOOMA
NDVR-----------------30.95NA -- 1.OOOMA
NDVR-----------------10.77UA -- 1.OOOMA

* NIJR-----------------1.024MA -- 1.OOOMA
NDVR------------------.72NA -- 1.OOOMA
NDVR------------------.771NA -- 1.OOOMA
NDVR-----------------7.846NA -- 1.OOOMA
NDVR-----------------7.621NA -- 1.OOOMAS
NDVR-----------------150.6NA -- 1.OOOMA
NDVR-----------------7.707NA -- 1.0OMA
NDVR-----------------7.107NA -- .OOOMA
NDVR-------------15.76NA -- 1.OOOMA
NDVR-----------------9.971NA -- 1.OOOMA
NDVR-----------------7.7O7NA -- 1.OOOMA
NDVR-----------------7.307NA -- 1.OOOMA
NDVR-----------------9.196NA -- 1.OOOMA. .
NDVR-----------------7.454NA -- 1.OOOMA
NDVR-----------------7.039NA -- 1.OOOMA
NDVR-----------------7.211NA -- 1.OOOMA
NDVR-----------------7.643NA -- 1.OOOMA
NDVR-----------------7.164NA -- 1.OOOMA
NDVR-----------------7.168NA -- 1.OOOMA
NR-----------------7.386NA -- 1.OOOMA
NDR-----------------7.886NA -- 1.OOOMAS
NDVR-----------------7.69NA -- 1.OOOMA
NDVR-----------------7.771NA -- 1.OOOMA
NDVR-----------------7.904NA -- 1.OOOMA
NR-----------------7.664NA -- 1.OOOMA
NDVR-----------------8.4NA -- 1.OOOMA
NER-----------------7.268NA -- 1.OOOMA
NDVR-----------------6.843NA -- 1.OOOMA

Figure V.H.13 -Average Leakage Currents after -2250 volts (cant.)
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MARTIN MARIETIA AEROSPACE -- DENVER DIVISION -- PARTS EVALUATION LAB

FILE UID :152 SERIAL NUMBER - VARIOUS
TESTED AT 25 DEG. C N2250V STRESS
ON 13 DEC 83 AT 06:33 WITH THE 3260 TEST SYSTEM

TEST MEASURED L I M I T S
FAIL TYPE VALUE MINIMUM MAXIMUM

PIN AVERAGE OF SERIAL NUMBERS:

17,18,19,20,21,22,23,24,26,27,28,29,30

PIN FUNCTION

NOV--------------21 847.IUA INPUT -- .000MA
NOV----------7 420.4NA INPUT -- 1.OOOMA
NDV--------------18 150.4NA INPUT -- 1.OOOMA
NDV--------------19 74.77NA INPUT -- 1.OOOMA
NOV-----------2 315.4UA INPUT -- 1.OOOMA
NOV----------------23 389.2NA INPUT -- .OOOMA
NOV--------------31 525.2UA 1/O0 - 1.OOOMA
NOV----------------33 381.5UA TNPUT -- 1.OO0MA
NOV--------------24 1.938NA OUTPUT -- .O0OMA
NOV----------------30 550.3UA I/O0 - 1.O0OMA
NOV----------------25 1.512NA OUTPUT -- 1.000MA
NOV--------------26 1.519NA OUTPUI - 1.OOOMA
NOV-----------------8 1.596NA iUJTPU1 -- .OOOMA
NDV-----------------9 1.492NA OUTPUT -- .OOOMA

** NDV----------------32 1.024MA OLJTPU -- .OOOMA
NDV-----------------7 5.612NA OUTPUT -- .OOOMA
NDV----------------34 1.496NA 0LUTPU1 -- 1.OOOMA
NOV----------------16 195.3NA I/O, -- .OOOMA
NOV----------------1 1.581NA 1/O -- .OOOMA
NOV----------------14 78.73UA 1/O -- .OOOMA
NOV----------------13 1.592NA 1/O0 - 1.OOOMA
NOV----------------12 250.9NA 1/O -- .OOOMA
NOV-----------------i 1.542NA I/O -- .OOOMA .-

NOV----------------10 I.53BNA I/O -- .OOOMA
NOV------------9 1.496NA I/O0 - 1.OOOMA
NOV--------------- 1.496NA I/O0 - 1.OOOMA
NOV--------------7 1.542NA 1/0 - 1.OOOMA
NOV--------------6 1.519NA I/O - 1.OOOMA

* NDV----------------S 1.024MA 1/0 - 1.OOOMA
NOV----------------4 1.665NA r1/ - 1.000MA

*NOV--------------3 1.635NA I/O -- .OOOMA
NOV--------------2 1.550NA I /0 --. OOOMA
NDV--------------39 1.5B1NA 1/O0 - 1.OOOMA

*NOV--------------38 1.438NA OUTPUT -- .OOOMA
NOV------------37 1.662NA OIJTPU1 -- .OOOMA
NOV--------------36 1.400NA OUTPUT -- 1.OOOMA
NOV----------------35 1.331NA OUJTPU1 -- 1.OOOMA

* NDYR-----------------1.024MA -- 1.OOOMA
*NDYR-----------------2.309UA -- .OOOMA
* NDVR-----------------685.2NA -- .OOOMA
* NDVR-----------------267.7NA -- 1.OOOMA

NDVR-----------------319.4UA -- 1.OOOMA
NOVR-----------------3.567UA -- .OOOMA

Figure V.P.13 -Average Leakage Currents after -2250) volts (cont.)-
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FILE UZD :152 SERIAL NUMBER -VARIOUS

TESTED AT 25 DEG. C N2250V STRESS
ON 13 DEC 83 AT 06:33 WITH THE 3260 TEST SYSTEM

TEST MEASURED L IM IT S
FAIL TYPE VALUE MINIMUM MAXIMUM

PIN AVERAGE OF SERIAL NUMBERS:
17,18,19,20,21,22,23,24,26,27,28,29,30

*** NDVR----------1.024MA -- 1.OOOMA
NDVR----------552.OUA -- 1.OOOMA
NOYR----------143.OUA -- 1.OOOMA

*** NDVR----------1.024MA -- 1.OOOMA
NDVR----------29.47NA -- 1.OOOMA
NDVR----------1.777UA -- 1.OOOMA
NDVR----------531.ONA -- 1.OOOMA
NDVR----------435.5NA -- 1.OOOMA

*** NDVR----------1.024MA -- 1.OOOMA
NDVR----------775.6NA -- 1.OOOMA
NDVR----------142.5NA -- 1.OOOMA
NDVR----------838.1NA -- 1.OOOMA
NDVR------------311.1NA -- 1.OOOMA

pmNDVR----------79.97UA -- 1.OOOMA
NDVR----------1B3.2NA -- 1.OOOMA
NOYR----------439.2NA -- 1.OOOMA
NDVR----------70.73NA -- 1.OOOMA
NDVR----------61.20NA -- 1.OOOMA
NDVR----------68.30NA -- 1.OOOMA
NDYR----------54.71NA -- 1.OOOMA
NDVR----------45.88NA -- 1.OOOMA
NDVR----------51.34NA -- 1.0OOMA

*** NDVR----------1.024MA -- 1.OOOMA -

NOYR----------125.7NA -- 1.OQOMA
NDVR-----------3.56NA -- 1.OOOMA
NDVR----------62.52NA -- .OOOMA
NDVR----------163.8NA -- 1.OOOMA
NDVR----------73.62NA -- 1.OOOMA
NDVR----------172.8NA -- 1.OOOMA
NDVR----------186.ONA -- 1.OOOMA
NDVR----------6.427NA -- 1.OOOMA

Figiive V.11.13 -Average Leakage Currents after -2250) volts (cont.)
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MARTIN MARIETTA AEROSPACE -- DENVER DIVISION -- PARTS EVALUATION LAB

FILE UID :152 SERIAL NUMBER - VARIOUS 0
TESTED AT 25 DEG. C PZSSV STRESS
ON 13 DEC 63 AT 86:37 WITH THE 3268 TEST SYSTEM
------------------------------------------------------------------------------------------

TEST MEASURED L I T SFAIL TYPE VALUE MINIMUM MAXIMUM
------------------------------------------------------------------------------------------

PIN AVERAGE OF SERIAL NUMBERS: 0
IS,1 19, Z,21,2Z,23,24,z6,7,28,2zg,36

PIN FUNCTION
NDV - -- U- -- UT 1.SSUMANDV 71 .8IUA 1. SMANDV ------ 18 19.S9UA INPUT -- 1,SSSMA
NDV ------ 19 9,U83UA INPUT -- 1,SSSMA
NDU- ------- 22 315.SUA INPUT 1.musMA
NDU- ------ -23 4.611UA INPUT -- :.e08MA
NDV ------ 31 527.3UA I/0 -- 1, M
N DV - - - - - - 3 3 6 47 .S UA INP U T - 1 ., SMA

NDV - ---- - 24 2.IZNA OUTPUT -- 1.00MA
NDV .----.-- 30 552,5UA I/O _- 1. MAND- . . . ..------ 25 159zNA OUTPUT __ 1,OeeMA
NDV .----.-- 26 1.406NA UUTPUT __ 1.seeMA
ND-U ...----- 28 1.6aBNA OUTPUT -- 1.eeaMA S
NDU- .-.----- 29 1.492NA OUTPUT -- 1.SMA=*** NDV------- 32 1.24MA OUTPUT 1,S6SMA
NDU- ------ 27 5.446NA OUTPUT -- 1.0.MANDU - ----- 34 1.519NA OUTPUT -- 1. • MANDV ------- - 6 IS8.4NA I/O -- 1,SO"MA
NDV .----.--. iS 1.442NA I/O __ 1.SSOMANDU - ----- 14 61.92UA I/ 1.680MAND- --- ----- 3 1.492NA 1/O -- 1.BSOMA 0NDV ------ 12 Z49.NA I/O -- 12,96MA
ND ------ i.l 1,565NA I/O -- 1, MA
NDU- -O----- 0 1.481NA I/0 1.68MAND- - ----- 1.469NA I/O -- 1.SMA
NDV - .----- 0 1.519NA I/O - 1.".MA
ND- - ----- 7 1,0SNA I/O -- 1,OMA
NDV- ------ 6 1.569NA I/0 -- 1.SMA
ND-------- - -S--MA I/I -- I,.SUMAND- .------ 4 1.;BINA I/O -- .. MA
ND- - ----- 3 1,55ONA I/0 -- 1-,8SMANDU -.- .- - .- . 2 1.581NA 1/0 -- .089MA ' "

NDV ...... 38 1.535NA OUTPUT -- 1,068MAND- ---.--- 37 1.577NA OUTPUT -- 1.S1MA - -ND- .------ 36 1.45SNA OUTPUT -- 1.SSSMANDV------- 3S 1.377NA OUTPUT -- 1.SgeM 9

• II NDVR ------ 1.OZ4MA -- 10. MA
NDVR -- ------ 9.U -- 8.5A18 A
NDVR---- - -- - - - 79.32UA 

.1MANDVR-----------2538UA 
I- -.SSSMA

NDR ----------- 319.3UA -- 1.SSMAm NDVR-----------12GUA 
-- 1.SSSMA

Figure V.H.16 - CD Stress, Leakage Current Averages After the +2500 Volt Stress
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00

Figure V.1.18 -Pin 2 Input/Output
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0

Figure V.H.19 -Pin 5 Input/Output

Fipure V.H.?O - Pin 24 Output
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Figre .1'21 Otu Pi 12'nd2

-S IA1A
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0

Figure V.1.21 Output Pin 325 and 26u Pn3
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jN22 IPIN23
PIN21 -.

Figure V.H.25 -Pin 21, 22 and 23 Inputs

PIN 9

* Fipuire \1.P.26 -CP Stress, Electrical Damage from Pin 19 to Ground
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Figure V.11.27 -CD Stress, SEM Micrograph of Pin 19 Damage

PIN18 ~

Fi u e V 1.8 C t e s, P n I e r t;t11
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0

0

Figure V.P.29 -r 'P tress, Pin 22 and Pin 23 Degradation

PIN21

Figure V.H.30) CD Stress, Pin 21 Damage
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0

oil 0

PIN 17

Figure V.P.32 -CD Stress, Pin 17 Shorted to Ground
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WFS

.qo

Figure V.P.33 -CD Stress, Opens on Pins 25 and 26

Ira

Fiptire V.H.34 -CI) Stress, Damage Between Pins 32 and 33
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INS

Figure V.H.35 -CD Stress, Same View as Previous Photo

with Aluminum Stripped

PIS - 4

0S

000

Fipture V.14.36 -CD Stress, Pin 5 with Arrow indicating

Location of Damage Site
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41S

Figure V.H.37 -CD Stress, Pin 5 Polysilicon Breakdown Site
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MARTIN MARIETTA AEROSPACE -- DENVER DIVISION -- PARTS EVALUATION LAB

FILE UID :152 SERIAL NUMBER - VARIOUS

TESTED AT 25 DEG. C P5000V STRESS
O 17 EC8 AT12:24 WITH THE 3260 TEST SYSTEM

---------------------------------------------------------------------
TEST MEASURED L IM IT S

FAIL TYPE VALUE MINIMUM MAXIMUM
--------------------- --- --- ---- --- ---- --- --- ---- --- --0

PIN AVERAGE OF SERIAL NUMBERS:

3,4,5,6,7,9912,13p14y15p16

PIN FUNCTION

NIJV---------2 90B. 7UA 1NU .- 1OOOMA
NDV------------7 113.7NA INPUT -- .OOOMA
NDV------------ 186.7NA INPUT -- .OOOMA
NDV---------19 52.45NA INPUT -- .OOOMA
NDV-----------22 3.697UA INPUT -- 1.OOOMA
NDV-----------23 3.*67UA INPUT -- 1.OOOMA
NOV-----------31 525.6UA I/0 - 1.OOOMA
NDV-----------33 1.IS2UA INPUT -- .OOOMA
NOV-----------24 1.554NA OUTPUT -- .OOOMA
NOV-----------30 547.7UA I/O0 - 1.OOOMA
NDV-----------S 1.404NA OUTPUT -- 1.OOOMA

NOV-------------6 1.192NA OUTPUT -- .OOOMA
NOV-------------8 1.367NA OUTPUT -- .OOOMA
NOV-------------9 1.108NA OUTPUT -- .OOOMA
NOV-----------32 92.51UA OUTPUT -- 1.OOOMA
NOV-------------7 1.258NA OUTPUT -- .OOOMA
NOV-----------34 6.387NA OUTPUT -- .OOOMA
NOV-------- -- ---- 16 1B.5ONA I/O0 - 1.OOOMA
NOV------------ 25.2ONA I/O0 - 1.OOOMA
NDV-----------14 1.263NA I/0 -- i.OOOMA
NOV---------13 1.225NA I/O -- .OOOMA
NOV------------2 1.800NA 1/O0 - 1.OOOIIA
NOV-----------ii 1.288NA I/O0 - 1.OOOMA
NOV-----------10 1.188NA I/O0 - 1.OOOMA
NOV-----------9 1.225NA 1/O -- .OOOMA
NOV------------ 1.154NA I/O -- .OOOMA
NV-----------7 1.20SNA I/O0 - 1.0OOMA
NOV-----------6 1.233NA I/O0 - 1.OOOMA
NOV------------ 1.229NA I/O0 - 1.OOOMA
NOV---------4 1.263NA 1/O -- .OOOMA
NOV-----------3 1.254NA I/O0 - 1.OOOMA
NOV---------2 1.279NA 1/O -- .OOOMA
NOV-----------39 1.421NA 1/0 - 1.OOOMA
NOV-----------38 1.292NA OUTPUT -- .OOOMA
NOV-----------37 1.350NA OUTPUT -- 1.OOOMA

NOV-----------36 1.154NA OUTPUT -- 1.OOOMA
NOV-----------35 1.1O8NA OUTPUT -- .OOOMA

NDVR----------999.9UA -- 1OOOMA
NDVR----------457.5NA -- .OOOMA
NDYR----------1.324UA -- 1.OOOMA
NDVR----------234.7NA -- 1.OOOMA
NDVR----------53.52UA -- i.OOOMA
NDVR----------48.97UA -- .OOOMA

Figure V.1b38 - HBD Stress, Leakage Current Averages After the +50nO Volt
Stress
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LEAKAGE CURRENT -PIN NUMBER

13 21

6 22

5 23

5 32

2 33

Figure V.H-.39 - HBD Stress, Leakage Current Failure Summary

(13 PartsTotal)

Figure V.H.40 -HBD Stress, Damage on Pins 21, 22, and 23
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Figure V.1-L41 - RBD Stress, Damage on Pin 21

*Figure V.11.42 -HBD Stress, Damage on Pins 32 and 33
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VI. PROTECTION SCHEME ANALYSIS

A wide variation in the effectivenesss of protection schemes was 0

experienced during this study. Analysis of the variations within each group
of devices was included in the previous section. This section will discuss

the variations between groups, the effect of reduction in dimensions, and

recommendations for modifications or improvements.

CFigure VI-l shows the voltage range at which parts were removed from test
for ill eight groups of devices and for both types of stress. Exanination of

this figure reveals a number of conditions. With the exception of Part D,

parts always failed at a lower level for the charged device model. There was

not always the same relationship between the level of the charged device

failures and the human body failures. The two groups which had the best

tolerance to the HBD stress did have the best tolerance to the CD stress,

however, the other parts did not follow this pattern. Part G was very
sensitive to the CD stress but was relatively high in tolerance to the human

body stress. This is due to the significant effect of the package size on the

CD stress. The Part G devices were in the largest package and had the highest

capacitance to ground. This created a much higher stress for the same voltage

level.

A more quantitative display of the data in the above figure is provided in

Figures VI-2 through VI-8. These figures show comparisons of the cumulative

failures by manufacturer, by technology, and by functional type.

j One manufacturer had two device types in this study. These were Part E

and Part H and are shown in Figure VI-2. Similar trends are shown for both

devices with the Part H being the more tolerant. These were the two best

protection networks found in this study. The major difference was a

polysilicon pad between the bond pad metallization and the diffused resistor
on Part H. This reduced the development of leakage current. The basic layout

was a diffused n-type resistor connected to a thin oxide transistor which had S1

its gate and source connected to ground. The low sensitivity was due to the
lack of a return current path due to the resistor being in a diffusion

connected to substrate (internal connection only). Note that all devices did
not fail during the human body model testing.

Figure VI-3 shows the summary for the four NMOS devices. This includes 0

the devices shown in Figure VI-2 and also Part G and Part B. The four NMOS

devices have substrate bias generators and diffused input protect resistors.

These resistors measure 650 ohms for Part B, 550 ohms for Part E, 900 ohms for

Part C, and 700 ohms for Part H. Part B has the most elaborate input protect

network and includes a thick oxide metal gate transistor to VCC or VSS, and a

field plate diode to the substrate. Part G failed at a lower level for the
charged device model than Part B but Part B is still the weakest NMOS
protection system as shown by the human body model. Part B received a lower

stress for the charged device model than Part G for the physical reasons

discussed previously.
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Part E has a thin oxide polysilicon transistor to VSS and Part C and H

have thin oxide polysilicon transistors to ground (VSS and ground are

essentially the same). Part G and Part H have polysilicon interfaces between

the bond pad metallization and the diffused resistor. There is a major

difference in this polysilicon interface that makes Part H less susceptible to
damage. The polysilicon on Part C is like a resistor between the diffusion
and the metallization and tends to fail open. The polysilicon on Part H is
sandwiched between the metallization and the diffused resistor contact and
does not fail open. This figure shows a wide range of sensitivity and it

indicates the type of protection which should be used. The thin oxide field
plate on Part B should he removed and the distance between the source and
drain on the thick oxide transistor should be increased. This increase would
create a situation similar to that seen on the less sensitive inputs on Part

H. The gate appears to provide no benefit since if it were removed the input
would be more similar to the less sensitive Part H or Part E.

Figure VI-4 shows the cumulative failures for the two microprocessors.
These were discussed in the last section.

Figure VI-5 shows the cumulative failures for the two CMOS devices. It is

evident that these parts did porly in the sensitivity testing. Both devices
utilized polysilicon input resistors which created a weak system. In addition
Part F had numerous different layouts and aluminum/polysilicon crossovers.
Polysilicon resistors are not recommended for complex circuit input networks.

Figure VI-6 shows the cumulative failures for the two low power Schottky

devices. Part D is more tolerant to stress and it appears that this is size
related. The Schottky diode was much larger on Part D and consequently it was..
not as sensitive to stress. For the human body model the base-collector
junction failed on Part D before the Schottky junction. This produced the

higher voltage levels seen in Figure VI-6 for the human body stress. The
charged device stress produced failure in the Schottky junction on both
devices but Part D failed at a higher level. The recommendations for Schottky

technology devices include increasing the size of the Schottky contict and/or
placing the input base-collector junction between the input contact and the
Schottky reverse bias protection diode.

Figure VI-7 shows the cumulative failures for the two RAM, I/O, Timers.
Part A is CMOS and Part E is NMOS. The CMOS had the polysilicon input

resistors and was sensitive to stress. 0

Figure VI-8 shows the cumulative failures for the two RAMs. Part F had

the polysilicon input resistors and Part B had the close spaced thick oxide
transistor and the field plate diode. The sensitivity variations are due to

reasons previously discussed.

A number of the conventional schemes that are available have been seen on
the devices in this study. The literature search found a number of other
possibilities which are summarized below:
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1."Multiple I/O Protection with Single Protective Device" S. Chen, S. Park,
R. Wong, IBM Tech. Disclosure Bulletin; September 1980.

Rather than conventional protection devices on each input, this
article discusses using a depletion or enhancement transfer device on each
input with their gates tied back to a common protective device.

2. "Voltage Programmable Protect Circuit" C. Hoffman and F. Wiedman, IBM
Tech. Disclosure Bulletin, March 1980.

A protect circuit is described for an electrically programmable
read-only memory which allows a high voltage to be placed on a pin for

programming, but limits the voltage level at that pin during normal usage
by a protect diode with a gate over it to allow reverse bias breakdown
voltage control.

3. "Floating Plate Protective Device" Y. S. Huang, IBM Tech. Disclosure
Bulletin, April 1977.

This article discusses a floating capacitor design which has a large

capacitor above a diffusion which is connected to the input
metallization. Via a second diffusion this capacitor I s normally isolated
but if an excessive voltage is present on an input then the capacitor is
connected into the circuit and absorbs the extra charge.

4. "Voltage Breakdown Characteristics of Close Spaced Aluminum Arc Gap
Structures on Oxidized Silicon" F. Hickernell and J. Crawford, Reliability
Physics Symposium 1977.

Arc gap structures were investigated as possible input protection

networks. They have the advantage of being a nondestructive voltage
limiting structure that can limit the voltage to 300 to 400 volts.

These ideas are a few that are being or have been considered for
device protection.against transients.

Additional ideas that could improve protection networks and be
compatible with VLSI processing have been thought of during this work.
Two of these are tungsten contact to the silicon and a deep insulator
grown around the input protect resistor.

The tungsten contact would alleviate the aluminum silicon
interdiffusion problem by acting as a barrier similar to the polysilicon
interface. It should have less of a tendency to open with stress. It can
also be useful in the remainder of the circuit by being the barrier

contact to shallow source and drain diffusions and it can be selectively
deposited on the polysilicon to reduce the effective resistance. Thiis
idea seems practical and could provide improved circuit performance as
well as decreased sensitivity to stress.
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A deep insulator grown on either side of the input resistor would
force the current to flow through the diffused resistor or break down the
junction in the bulk. This should provide an input that protects the
sensitive gates as well as not degrading itself due to this stress.

The sections for each of the eight devices discussed the ESD
sensitivity variations for the various pins on a given part. The
preceding section discussed the sensitivity variations between the
different groups. The following will discuss the variations by physical
characteristics. These physical characteristics include, conductor
cross-sectional area, junction area, dielectric thickness, conductor
spacing, junction electrical breakdown characteristics, overall device
layout, physical construction and packaging.

These physical characteristics are discussed here and are related to
the failures which occurred. S

Conductor cross-sectional area was seen to be a problem on devices
with polysilicon input resistors. These were devices A, F, and G. This
was a significant failure mode on Part Types A and G. Part Type A has a
polysilicon cross-sectional area of 1.6 microns squared and Part Type G
has a polysilicon cross-sectional area of 2.2 microns squared. The
average voltage failure level for the human body simulation stress was
about twice as high on Part Type G as on Part Type A. There were oth-
failure modes involved on both parts but the relationship between the
voltage failure level and the cross-sectional area of the polysilicon does
appear to be significant. For the charged device testing other factors
override this one, eg. package size.

Junction area was significant on the two Schottky devices. It is not
considered to be the significant factor in the other device failures,
however, the spacing and shape of the diffusions were shown to be
significant as discussed in-depth previously. The significance is again
evident for the human body simulation but is not the controlling factor
for the charged device test.

The base-collector junction failed on Part Type D. The width of the
contact to the base was 13 microns. The Schottky diode failed on Part
Type C. The width of the contact was 9 microns. Part Type D with a
contact width of 13 microns failed at about twice the voltage level of
Part Type C. The Schottky diode did not fail due to this stress on Part
Type D because of its large, 39 micron, width.

Dielectric thickness was a significant factor in the failures on Part
Types A, B, and F. These failures were, on Part A, polysilicon to
polysilicon breakdown between closely spaced stripes on the same level, 0
and polysilicon layer to layer shorts. On Part B, this was a thin oxide
dielectric breakdown. On Part F there were polysilicon to overlying
metallization and polysilicon to underlying silicon shorts. T" .
thicknesses involved were: Part A poly to poly ().1 microns, Part B thin
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Oxi do est inlateo (Ito he, ')0i An,,st ros ,Pittl F polI to me-ta iI ii iolv to

silicon both 0.5 microns. Tile lowe'st fai Ilre levels occurre1 ern P.art F.

Thi1s i s 1)e]I e v ed t o hec duoe to oxi do detects rathe r than to thle norinat

dielectric thickness. Th ie thin dielectric on Part A was a major causoe I or

the re lat ive ly low failuore 1levelis. As discnsscd, roo)Ltn r rig changes cMol 40

alleviate this. The dielectric failures on Part B were due to the thir"
oxide structore Ut ilized . Qurant itativ e compa r r 50 of the oxide

thicknesses to failuore level provides little intorniat ion.

Conductor spacing was a significant factor on Part A doe to close

polvs Iiicon spac ing as ment ioned above. A routing change could correct0

Jooc t ron 01 o IectLr c, i I b re a kucow n chIiar a cte r is t ics we r u me asurTe d o n eac h

of thle eight devices. A list ing of the breakdown voltage looking into the

input tor each device is given here.* Part A =3OVDC ,Part B = 22' VIX?,

Part (C = 2b VIV , Part D = 20 VDW , Part E = 28 VDC , Part F = 25 VDC ,lPart C

= 2' 2 V IV2 , Pa rt L = lb V DC . Other fact ors overt i do these in coot toll in1F2

ESD sens it ivitv.

Overa I I d1ev ice layout was seen to be an import ant factor which

determined device sensit ivitv. Thie lavouts wh i ch were arialIvzeoi included:

mor mea lizat ion pat-tern , di ffusion spacing and shape , and polvsi licon

patterns. Two effects were evident related to the nietallization. Points
wihich were connected to large metal I izat ion areas showed sons it Lvlty to

the CD stress. This created fai lore mode and stress level sens it ivity,

di flotrences in Parts 0, C and 11. Onl Part 1) tire tiilore mode was a

differe-_nt jurnct ion for the human body stress than for the charged device-

stress due to a large ground metalIi zat [en conn,- teki to o0o junct 00on.

Th is junct ion failed for the CD stress because it received a larger
stress. Parts C and 11 hand spec i tic pins wh i ch werto much more sonls it iy t o

thle CD stress dire to metal I izat ion layvout . The" s econd e f fec t wa s loope0r

nreta I I r zat i on run s de crea sed sons i t iv it L . hi s was seenl onl Parts fiB and

C . Ti'Is i s due t o a d ist r Ibut ed capac Itance, and/or i nduc tancte ef fect

D I f f us ion s pac inrg and shrapt- was all Impo rtant fac t or on Pa rts B) ,f

aIn d Hi. It was found that thre pin or pins that fai led had closer spa3cinea
andcorer heweo ajacent n+ di ffiusions. Qrrnnt Ia voltris sno In

was: Part B =2 ni crons , Part E 26 mi crons , and Part 11 5 rmicrons.

Tl re fa i lore level s tot F and Ii were ruuch hi Ther tharn for B, howe~ver Pa rt Hi

wa s h igiher than P~art I-'. Thiis indicates that spacing Is Iimportant but mert'

import ant for Part Bt was like lv Lte po I vs i i con mnt ottace pad be'tween- thir

rio aI Ii at onand thle siI I icon.

T'he t tlct of tire physical construct ion arnd p~.k~.rtonl tLre ucice,

Skensrt! ivit res is thle Ia ,t area] to h. uILiscrissed. All devices ,inalv'zod wet

in CERIPs. There are- two oftbeets the-it Iikt-Iv occuirredl hrorevor, t liev~;r

nont the cont rol I ing fa-ctor for sons it iv it v. 'he-se two eI fects aire a

o"c r t as cIn sofns itL I ,rit v drzi to tire lo iger ladi Itr ii lor'tis o n t ie Ilance

pa c kageos aind an increase in capa-citance, to ).,roilrrd f or IreC clrariod (1ev ice
stress; dui- to thO addit irnil areai onr ht loeli 1 ' ye
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Recommendations

This study has shown how device sensitivities vary with the type of
stress applied and with pin to pin physical differences. 0

An important result is the demonstration of the similarities and

differences in device damage and sensitivity between the charged device

simulation and the human body simulation. The charged device simulation

produces damage at a lower level to pins that are connected to large

expanses of metallization. An understanding of this effect could result S

in a reduced sensitivity to ESD at IC design by appropriate metallization

layout.

The charged device test method has been shown to produce results

which are consistent with ESD stress failures and it is recommended for

the simulation of ESD on integrated circuits. S

-
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